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Abstract²7KH PDLQ SXUSRVH RI VWUXFWXUDO KHDOWK PRQLWRULQJ
6+0LVWRREWDLQLQIRUPDWLRQDERXWWKHVWDWHRIDVWUXFWXUHLQ
RUGHU WR JXLGH EULGJH PDQDJHPHQW GHFLVLRQV 1HYHUWKHOHVV LQ
SUDFWLFH RQFH D ULJRURXV HVWLPDWH RI WKH VWUXFWXUDO VWDWH LV
DYDLODEOH GHFLVLRQV DUH XVXDOO\ PDGH EDVHG RQ WKH GHFLVLRQ
PDNHU¶V LQWXLWLRQ RU H[SHULHQFH ,Q WKLV SDSHU ZH SUHVHQW WKH
LPSOHPHQWDWLRQ RI H[SHFWHG XWLOLW\ WKHRU\ (87 LQ WKRVH FLYLO
HQJLQHHULQJGHFLVLRQSUREOHPVLQZKLFKGHFLVLRQPDNHUVKDYHWR
DFW EDVHG RQ WKH RXWSXW RI 6+0 (87 LV DQ DQDO\WLFDO
TXDQWLWDWLYH IUDPHZRUN WKDW DOORZV WKH LGHQWLILFDWLRQ RI WKH
ILQDQFLDOO\ PRVW FRQYHQLHQW GHFLVLRQV EDVHG RQ WKH SRVVLEOH
RXWFRPHV RI HDFK DFWLRQ DQG RQ WKH SUREDELOLWLHV RI HDFK
VWUXFWXUDO VWDWH RFFXUULQJ 7KH DGYDQWDJH RI WKH SUHVHQWHG
LPSOHPHQWDWLRQLVWKHRSWLPL]DWLRQRIGHFLVLRQVWUDWHJLHVLQ6+0
,QWKHPDQXVFULSWZHILUVWIRUPDOL]HWKHVROXWLRQRIVLQJOHVWDJH
GHFLVLRQSURFHVVHV LQZKLFKWKHGHFLVLRQPDNHUKDVWRWDNHRQO\
RQH DFWLRQ 7KHQ ZH IRUPDOL]H WKH VROXWLRQ RI PXOWLVWDJH
GHFLVLRQSURFHVVHV LQZKLFKPXOWLSOHDFWLRQVPD\EH WDNHQRYHU
WLPH )LQDOO\ XVLQJ DQ H[DPSOH EDVHG RQ D FDVH VWXG\ ZH
GHVFULEH WKH YDULDEOHV LQYROYHG LQ WKH DQDO\VLV RI 6+0 GHFLVLRQ
SUREOHPVGLVFXVVWKHSRVVLEOHUHVXOWVDQGDGGUHVVWKHLVVXHVWKDW
PD\DULVHLQWKHDSSOLFDWLRQRI(87LQUHDOOLIHVHWWLQJV

Index Terms²6WUXFWXUDOKHDOWKPRQLWRULQJVPDUWVWUXFWXUHV
%D\HVLDQ DQDO\VLV GHFLVLRQPDNLQJ H[SHFWHG XWLOLW\ WKHRU\
EULGJHPDQDJHPHQWGHFLVLRQVXSSRUWV\VWHPV

, ,1752'8&7,21
KHUH LV D JHQHUDO DJUHHPHQW DPRQJ UHVHDUFKHUV DQG
SUDFWLWLRQHUVRQWKHFODLPWKDWVWUXFWXUDOKHDOWKPRQLWRULQJ
6+0 VKRXOG KHOS LQ PDNLQJ SURSHU GHFLVLRQV DERXW
VWUXFWXUDOPDQDJHPHQW\HWDWSUHVHQWLWLVQRWIXOO\FOHDUKRZ
LQ SUDFWLFH D UHVSRQVLEOH PDQDJHU LV VXSSRVHG WR PDNH
GHFLVLRQVEDVHGRQ6+0GDWD
$ W\SLFDO DSSURDFK WR 6+0EDVHG GHFLVLRQ PDNLQJ LV WKH
IROORZLQJ  VHQVRUV DQG GDWD DFTXLVLWLRQ GHYLFHV DUH
LQVWDOOHG RQ WKH VWUXFWXUH VD\ D EULGJH  WKH GDWD FRPLQJ
IURP WKH PRQLWRULQJ V\VWHP DUH DQDO\]HG  DQ DOJRULWKP
UHFRJQL]HV SRVVLEOH GDPDJH LGHQWLILHV LWV ORFDWLRQ DQG
SURYLGHVLQIRUPDWLRQRQVWUXFWXUDOKHDOWKDQGSHUIRUPDQFH
WKHUHVSRQVLEOHPDQDJHUPDNHVWKHGHFLVLRQRQZKHWKHURUQRW

0DQXVFULSWVXEPLWWHGIRUUHYLHZRQ0DUFK
&&DSSHOOR LVZLWK8QLYHUVLW\RI7UHQWRYLD0HVLDQR7UHQWR
,WDO\HPDLOFDUORFDSSHOOR#XQLWQLW
'=RQWDLVZLWK8QLYHUVLW\RI7UHQWRYLD0HVLDQR7UHQWR,WDO\
HPDLOGDQLHOH]RQWD#XQLWQLW
%*OLãLüLVZLWK3ULQFHWRQ8QLYHUVLW\3ULQFHWRQ1-86$HPDLO
EJOLVLF#SULQFHWRQHGX
WR UHSDLU WKH GDPDJH ,Q RWKHU ZRUGV GHFLVLRQPDNLQJ LV
XVXDOO\UHJDUGHGDVDSURFHVVWKDWRFFXUVRQFHWKHPDQDJHUKDV
XQGHUVWRRG WKH VWDWH RI WKH VWUXFWXUH EDVHG RQ 6+0 7KH
JURZLQJ VXFFHVV LQ RXU FRPPXQLW\ RI NH\ZRUGV OLNH smart 
structureintelligent monitoringDQGdecision support systems
LQGLUHFWO\ VXSSRUWV WKH LGHD WKDW GHFLVLRQPDNLQJ LV D PHUH
RXWSXWRI6+0
7KLV RSWLPLVWLF YLHZ RI 6+0 LV LQ FRQWUDVW ZLWK ZKDW
DSSHDUV WR KDSSHQ LQ UHDO OLIH RZQHUV DUH W\SLFDOO\ YHU\
VNHSWLFDODERXWWKHFDSDFLW\RIPRQLWRULQJWRVXSSRUWGHFLVLRQV
DQG PDQDJHUV XVXDOO\ DFW EDVHG RQ WKHLU H[SHULHQFH RU RQ
FRPPRQ VHQVH RIWHQ GLVUHJDUGLQJ WKH DFWLRQV LPSOLFLWO\
VXJJHVWHGE\6+0>@
,QIDFW6+0DQGGHFLVLRQPDNLQJDOWKRXJKFRQQHFWHGDUH
WZR VHSDUDWH SURFHVVHV ZKLFK VKRXOG QRW EH FRQIXVHG
0RQLWRULQJ LV DERXWDFTXLULQJ LQIRUPDWLRQQRW DERXW PDNLQJ
GHFLVLRQV7KHDLPRIPRQLWRULQJLVWRXQGHUVWDQGWKHVWDWHRI
WKH VWUXFWXUH EDVHG RQ WKH DFTXLVLWLRQ DQG LQWHUSUHWDWLRQ RI
GDWD XVXDOO\ SURYLGHG E\ VHQVRUV $ JRRG 6+0 V\VWHP
FRUUHFWO\ LGHQWLILHV WKH FRQGLWLRQ VWDWH RI WKH VWUXFWXUH
&RQYHUVHO\ GHFLVLRQPDNLQJ LV DERXW FKRRVLQJ WKH RSWLPDO
DFWLRQ WR XQGHUWDNH ,W HQWDLOV WKH HYDOXDWLRQ RI WKH DFWXDO
FRQVHTXHQFHV RI HDFK DFWLRQ FRQVHTXHQFHV WKDW GHSHQG RQ
ILQDQFLDOFRVWVVRFLDOLPSDFWDQGPDQDJHPHQWSROLFLHVZKLFK
DUH FRQFHSWV JRLQJ EH\RQG WKH PHUH VWUXFWXUDO HQJLQHHULQJ
SUREOHP
7KHEDVHVRIIRUPDOGHFLVLRQPDNLQJKDYHEHHQVWXGLHGIRU
DORQJWLPHD[LRPDWLFH[SHFWHGXWLOLW\WKHRU\(87ZDVILUVW
LQWURGXFHGE\YRQ1HXPDQQDQG0RUJHQVWHUQLQ>@DQG
ODWHUGHYHORSHGLQWKHIRUPWKDWZHFXUUHQWO\NQRZE\5DLIID
DQG 6FKODLIHU LQ  >@ $FFRUGLQJ WR (87 HDFK DFWLRQ LV
UDQNHG EDVHG RQ LWV H[SHFWHG XWLOLW\ ZKLFK GHSHQGV RQ ERWK
WKH FRQVHTXHQFHV DQG WKH SUREDELOLWLHV RI HDFK SRVVLEOH
VFHQDULR>@7KHUHIRUHWKHUDWLRQDOGHFLVLRQPDNHUUHJDUGVDV
RSWLPDO DQG FKRRVHV WKH DFWLRQ ZLWK WKH KLJKHVW H[SHFWHG
XWLOLW\ ,Q SULQFLSOH (87 DOORZV HYDOXDWLRQ RI DQ\ DFWLRQ
SURYLGHGWKDWWKHFRQVHTXHQFHVDQGWKHSUREDELOLWLHVLQYROYHG
FDQ EH TXDQWLILHG 7KLV DOORZV WKH PRGHOLQJ RI D GHFLVLRQ
SURFHVV HYHQ a priori LH EHIRUH WKH LQIRUPDWLRQ RQ WKH
FXUUHQWVWDWHRIWKHVWUXFWXUHLVDYDLODEOH
7UDGLWLRQDOO\RSWLPDOGHFLVLRQPDNLQJKDVEHHQGHYHORSHG
WR JXLGH GHFLVLRQV LQ WKH ILHOG RI PHGLFLQH DQG ILQDQFH LQ
ZKLFK WKH SUREDELOLWLHV RI GLIIHUHQW VFHQDULRV DQG
FRQVHTXHQFHV FDQ EH HDVLO\ LGHQWLILHG 7KHUH LV QRQHWKHOHVV
DOVRDVWURQJWUDGLWLRQLQFLYLOHQJLQHHULQJ$UHFHQWRYHUYLHZ
LVRIIHUHGE\)DEHUDQG0DHV>@ZKHUHWKHDXWKRUVSRLQWRXW
D QXPEHU RI RSHQ LVVXHV DULVLQJ ZKHQ RSWLPDO GHFLVLRQ
([SHFWHGXWLOLW\WKHRU\IRUPRQLWRULQJEDVHG
GHFLVLRQPDNLQJ
&DUOR&DSSHOOR'DQLHOH=RQWD%UDQNR*OLãLü
7
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PDNLQJKDVWREHLPSOHPHQWHGLQUHDOOLIHVHWWLQJV
2QH LVVXH LV WKH FRUUHFW PRGHOOLQJ RI WKH SUREOHP
XQFHUWDLQWLHV 7KHVH DUH WUDGLWLRQDOO\ GLVWLQJXLVKHG EHWZHHQ
aleatoryZKHQLQKHUHQWWRWKHQDWXUHRIWKHSKHQRPHQRQHJ
DVHQVRUQRLVHDQGepistemicZKHQUHODWHGWRRXULQDELOLW\WR
LQYHVWLJDWH WKH SUREOHP FRPSOHWHO\ HJ WKH LQFRPSOHWHQHVV
RIDVLPSOLILHGVWUXFWXUDOPRGHO>@
$QRWKHU SUREOHP VWHPV IURP WKH REVHUYDWLRQ WKDW WKH
FRQFHSW RI XWLOLW\ LV LQKHUHQWO\ VXEMHFWLYH WKXV DQ REMHFWLYH
DSSURDFK WR GHFLVLRQPDNLQJ UHTXLUHV WKH LGHQWLILFDWLRQ RI D
µVWDNHKROGHU¶ LH WKHEHQHILFLDU\RI WKHGHFLVLRQDQGKLVKHU
GHFLVLRQ SULQFLSOH )RU FLYLO HQJLQHHULQJ DSSOLFDWLRQV )DEHU
DQG0DHV>@LGHQWLI\WKHVWDNHKROGHUDVVRFLHW\DQGSURSRVH
PRGHOVWRUHSURGXFHLWVQHHGV,QVXVWDLQDEOHGHFLVLRQPDNLQJ
WKH FRQVHTXHQFHV IRU VRFLHW\ HQYLURQPHQW DQG HFRQRP\ DUH
VLPXOWDQHRXVO\ DFFRXQWHG IRU WKURXJK OLIH RU HQYLURQPHQWDO
TXDOLW\ LQGLFHV >@ ,QWHUJHQHUDWLRQDO HIIHFWV RI WKH
FRQVHTXHQFHVRUIROORZXSHIIHFWV>@FDQEHDOVRFRQVLGHUHG
0RUHRYHU0DHVDQG)DEHU >@SURSRVHGDPRGHO IRU ILQGLQJ
DQRSWLPDOGHFLVLRQ WKDWDSSOLHVZKHQGHFLVLRQVDUH WDNHQE\
JURXSV UDWKHU WKDQ LQGLYLGXDOV DV LQ WKH FDVH RI LPSRUWDQW
VWUXFWXUHVDQGLQIUDVWUXFWXUH
'HVSLWH WKLV OLYHO\ LQWHUHVW LQ GHFLVLRQ WKHRU\ LQ FLYLO
HQJLQHHULQJWKHJHQHUDOLPSUHVVLRQLVWKDWWKHEDVLFSULQFLSOHV
RI (87 DUH VWLOO RIWHQ GLVUHJDUGHG E\ WKH 6+0 FRPPXQLW\
HYHQLQZRUNVWKDWQRPLQDOO\IRFXVRQ6+0EDVHGGHFLVLRQV
1RWDEOH H[FHSWLRQV DUH WKH ZRUNV E\ )O\QQ DQG 7RGG >@
DQG)O\QQet al. >@ LQ WKHVHSXEOLFDWLRQV WKHBayes risk D
PHWULFVWULFWO\UHODWHGWRWKH(87SULQFLSOHVLVXVHGWRGHULYHD
JOREDOFULWHULRQIRURSWLPDOVHQVRUSODFHPHQWDQGWKHFRQFHSW
LVGHPRQVWUDWHGZLWKODERUDWRU\H[SHULPHQWV
(YHQ PRUH FXULRXVO\ WKH UHFHQW IRFXV RI WKH 6+0
FRPPXQLW\ RQ (87 GRHV QRW DGGUHVV WKH XVH RI PRQLWRULQJ
GDWD EXW UDWKHU WKH SUREOHP RI ZKHWKHU RU QRW WR LQVWDOO D
PRQLWRULQJ V\VWHP 6LQFH  D QXPEHU RI SDSHUV KDYH
LQYHVWLJDWHG WKH QDWXUH RI WKH EHQHILW RI 6+0 >±@
UHFRJQL]LQJ WKDW 6+0 ILQGV LWV SUDFWLFDO MXVWLILFDWLRQ LQ LWV
FDSDFLW\ RI LQIOXHQFLQJ WKH DFWLRQV RI D GHFLVLRQ PDNHU ,Q
WKHVH ZRUNV WKH EHQHILW RI PRQLWRULQJ LV IRUPDOO\ TXDQWLILHG
WKURXJKWKHFRQFHSWRIYDOXHRILQIRUPDWLRQ9R,ZKLFKKDV
LWV EDFNJURXQG LQ WKH VHPLQDO ZRUN E\ /LQGOH\ >@ ODWHU
IRUPDOL]HGE\5DLIIDDQG6FKODLIHU>@DQGILQDOO\E\'H*URRW
>@ VHH WKH OLWHUDWXUH UHYLHZ E\ >@ 7KH 9R, RI 6+0 LV
GHILQHG DV WKH GLIIHUHQFH EHWZHHQ WKH H[SHFWHG XWLOLW\ ZKHQ
WKHRZQHULVQRWLQIRUPHGE\WKH6+0DQGWKHH[SHFWHGXWLOLW\
XSRQ UHFHLSW RI WKH PRQLWRULQJ LQIRUPDWLRQ ,W UHSUHVHQWV WKH
PRQH\VDYHGE\FRQVXOWLQJ6+0DQGFDQOLNHZLVHEHUHJDUGHG
DV WKH PD[LPXP FRVW WKH RZQHU LV ZLOOLQJ WR SD\ IRU
LQIRUPDWLRQ 7KH 9R, LV XVHIXO WR UDQN GLIIHUHQW 6+0
VWUDWHJLHVWRFRPSDUHWKHEHQHILWRIDJLYHQ6+0V\VWHPZLWK
LWV FRVW RU WR FRPSDUH GLIIHUHQW 6+0 VROXWLRQV ZLWK
DOWHUQDWLYHVVXFKDVUHSDLULQJDQGUHKDELOLWDWLRQ>@
,Q WKLV SDSHU ZH ZLVK WR ILOO WKLV DSSDUHQW JDS EHWZHHQ
6+0 SUDFWLFH DQG IRUPDO GHFLVLRQ WKHRU\ E\ LQWURGXFLQJ D
XQLILHGSURFHVVFRQVLVWHQWZLWK WKH(87SULQFLSOHVZKHUHE\
PRQLWRULQJ LQIRUPDWLRQ LV GLUHFWO\ XVHG WR VHOHFW WKH RSWLPDO
DFWLRQWRXQGHUWDNH8QOLNHSUHYLRXVZRUNVLQZKLFKGHFLVLRQ
LVEDVHGRQKHXULVWLFVRU(87LVRQO\LPSOLFLWO\DVVXPHGKHUH
ZH DLP WR HVWDEOLVK D ULJRURXV IRUPDO SURFHGXUH EDVHG RQ
PRQLWRULQJREVHUYDWLRQVWKDWJHQHUDOO\DSSOLHVWRDQ\GHFLVLRQ
LQVWDQFH,QWKHQH[WVHFWLRQZHIRUPDOO\VWDWHWKHSUREOHPRI
ORJLFDO LQIHUHQFH LQ 6+0 DQG ZH LQWURGXFH WKH EDVLF
SULQFLSOHVRI(87LQFOXGLQJWKHHOHPHQWDU\LQVWUXPHQWVXVHG
VROYH WKH SUREOHP RIGHFLVLRQPDNLQJ GHFLVLRQSUREOHP ,Q
6HFWLRQ,,,ZHIRUPDOL]HVLQJOHVWDJHGHFLVLRQSUREOHPVDQG
ZH LOOXVWUDWH WKHLU VROXWLRQ ZLWK WKH DLG RI D UHDOOLIH FDVH
VWXG\ ,Q6HFWLRQ,9ZHH[WHQG WKHVH ILQGLQJV WRPXOWLVWDJH
GHFLVLRQSUREOHPVDJDLQZLWKWKHDLGRIDUHDOOLIHFDVHVWXG\
&RQFOXGLQJUHPDUNVDUHSUHVHQWHGDWWKHHQGRIWKHSDSHU
,, 352%/(067$7(0(17
:HKDYHDOUHDG\REVHUYHGWKDW6+0DLPVWRLQIHUWKHVWDWH
RI WKH VWUXFWXUH EDVHG RQ VHQVRU REVHUYDWLRQV ZKHUHDV
GHFLVLRQPDNLQJDLPVDWPDNLQJ WKHRSWLPDOFKRLFHEDVHGRQ
WKHSUREDELOLW\RI HDFK VWUXFWXUDO VWDWH6WDWHG LQYHU\ VLPSOH
WHUPVWKHSHM-based decisionproblemFDQEHVXPPDUL]HGDV
IROORZV

given a set of observations from the monitoring system, what 
is the financially optimal action to undertake? 

%HIRUHDWWDFNLQJWKLVSUREOHPLQWKLVVHFWLRQZHLQWURGXFHWKH
EDVLFV WKDW DUH QHFHVVDU\ WR IRUPDOL]H WKH VROXWLRQ LQFOXGLQJ
%D\HVLDQ LQIHUHQFH WKHRU\ DV DSSOLHG WR 6+0 DQG YRQ
1HXPDQQDQG0RUJHQVWHUQ¶VGHFLVLRQWKHRU\
A. Glossary 
,Q WKLV VHFWLRQZH IRUPDOO\ GHILQH WKHFRQFHSWVRIsensor
observationstatemodelactionDQGoutcomeZKLFKZHZLOO
XVHLQWKHUHVWRIWKHPDQXVFULSW

Sensor ,Q WKLVSDSHUZHUHIHU WRDVHQVRULQ ORJLFDO WHUPVDV
VXJJHVWHG E\ +DOO DQG 0F0XOOHQ >@ µDQ\ GHYLFH ZKLFK
IXQFWLRQVDVDVRXUFHRILQIRUPDWLRQ¶:HDVVXPHWKDWVHQVRUV
DUHWKHVRXUFHRIHDFKobservation

Observation :H DVVXPH WKDW HDFK SLHFH RI LQIRUPDWLRQ
SURYLGHG GLUHFWO\ E\ VHQVRUV LV DQ REVHUYDWLRQ :KHQ ZH
GHVFULEH D SURFHVV RI GDWD DQDO\VLV WKDW RFFXUV DW WLPH t ZH
DVVXPHWKDWDOOWKHREVHUYDWLRQVFROOHFWHGDWWKDWPRPHQWDQG
EHIRUHDUHDYDLODEOHDQGFRQWDLQHGLQDYHFWRU\t7KHVSDFH
RIWKHREVHUYDWLRQVLVLQGLFDWHGE\ȍ\

State7KHVWDWHS LVDSDUDPHWHUWKDWUHSUHVHQWVWKHFRQGLWLRQ
RIWKHVWUXFWXUH'HSHQGLQJRQWKHFDVHLWFDQEHVSHFLILHGE\
D GLVFUHWH YDULDEOH S GHILQHG LQ WKH GRPDLQ ȍS  
^S«Si«SM` HJ WKH VWUXFWXUH FDQ EH S   µVHYHUHO\
GDPDJHGS µPRGHUDWHO\GDPDJHG¶RUS µQRWGDPDJHG¶
E\DYHFWRURIFRQWLQXRXVSDUDPHWHUV ș GHILQHGLQWKHGRPDLQ
:ș HJDGDPDJHLQGH[FUDFNVL]HRUE\DFRPELQDWLRQRIWKHWZR.

Model7KLVLVWKHZD\ZHDVVXPHWKDWWKHREVHUYDWLRQV\DUH
FRUUHODWHG WR WKH VWDWH S ,Q VWUXFWXUDO HQJLQHHULQJ SUREOHPV
WKH PRGHO W\SLFDOO\ KDV D SK\VLFDO EDFNJURXQG HJ D ILQLWH
6,33,(((


HOHPHQWPRGHORUDQDQDO\WLFDOPRGHO6RPHWLPHVWKHPRGHO
FDQEHKHXULVWLF ,QPDWKHPDWLFDO WHUPV LW LVD IXQFWLRQ f«
WKDW SURYLGHV D GLVWULEXWLRQ RI WKH REVHUYDWLRQV \   fSȜ
JLYHQ WKH VWDWH S RWKHU SDUDPHWHUV Ȝ HJ JHRPHWULFDO
SURSHUWLHV SDUDPHWHUV ZH HVWLPDWHG EHIRUHKDQG FRQVWDQWV
DQG WKH XQFHUWDLQW\ WKDW PD\ DIIHFW WKH REVHUYDWLRQV DQG WKH
PRGHO LWVHOI 'HSHQGLQJ RQ WKH SUREOHP WKH XQFHUWDLQW\ LV D
SDUDPHWHULQFOXGHGLQHLWKHUSRUȜ

Action$QDFWLRQa LQGLFDWHV DQ\RI WKH SRVVLEOHRSWLRQV WKH
GHFLVLRQPDNHUFDQFKRRVHDWDGHFLVLRQSRLQWIRUPDOO\FDOOHG
WKHdecision node7KHVHWRISRVVLEOHDFWLRQV LV LQGLFDWHG E\
a
:  DQG PD\ EH LQ JHQHUDO HLWKHU GLVFUHWH HJ a   µGR
QRWKLQJ¶ a   µUHSDLU¶ a   µUHWURILW¶ a   µUHSODFH¶ RU
FRQWLQXRXV WKH IRUPHU EHLQJ RI LQWHUHVW LQ 6+0EDVHG
GHFLVLRQ PDNLQJ 'HFLVLRQPDNLQJ FDQ EH SHUIRUPHG LQ
VHYHUDO VWDJHV 7KH ILUVW VWDJH KDSSHQV DIWHU 6+0 KDV
LGHQWLILHGGDPDJHWRWKHVWUXFWXUHIRUWKHILUVWWLPH%DVHGRQ
WKHDFWLRQUHVXOWLQJIURPWKHGHFLVLRQWKHVWDWHRIWKHVWUXFWXUH
PD\ EH FKDQJHG DQG IXUWKHU GHFLVLRQV WKDW KDYH WR EH PDGH
EDVHG RQ IXWXUH 6+0 UHVXOWV PLJKW LQFOXGH QHZ DFWLRQV WKDW
ZHUHQRWDYDLODEOHLQWKHILUVWVWDJH+HQFHWKHVHWRISRVVLEOH
DFWLRQV
a
: FDQEHGLYLGHGLQWRVXEVHWV  i
a
: ZKHUHi 
« GHQRWHV WKH VWDJH LQ WKH ZKROH GHFLVLRQPDNLQJ SURFHVV
7KHDFWLRQVFRUUHVSRQGLQJWRWKHiWKVWDJHDUHGHQRWHGE\ai

Outcome $Q RXWFRPH z DOVR NQRZQ DV consequence RU
rewardLVWKHTXDQWLILFDWLRQRIWKHFRQVHTXHQFHVRIDQDFWLRQ
7KH QDWXUH RI RXWFRPHV FDQ EH YDULRXV DQG LQ WKH FDVH RI D
FLYLO VWUXFWXUHPD\ LQFOXGHILQDQFLDO ORVVHVRU UHZDUGV WR WKH
RZQHU DQG LPSDFWVRQ VRFLHW\RURQ WKH HQYLURQPHQW GXH WR
VWUXFWXUDOIDLOXUH$QDFWLRQaOHDGVWRDJLYHQRXWFRPHEDVHG
RQ WKH VWDWH S RI WKH VWUXFWXUH WKHUHIRUH z   zaS LH WKH
RXWFRPHzFDQEHVHHQDVDIXQFWLRQRIWKHFKRVHQDFWLRQaDQG
WKHVWDWHS7KHVHWRIDOOWKHRXWFRPHVLVGHQRWHGE\
z
: DQG
WKHVXEVHWRIRXWFRPHVUHVXOWLQJIURPWKHiWKGHFLVLRQVWDJHLV
GHQRWHGE\  i
z
: 
B. Structural Health Monitoring 
)URP D ORJLFDO VWDQGSRLQW 6+0 FDQ EH FRQVLGHUHG DV DQ
LQIHUHQFHSUREOHPZKHUHZHKDYH WRJDLQ LQIRUPDWLRQRQ WKH
VWDWHSRIDVWUXFWXUHEDVHGRQREVHUYDWLRQV\SURYLGHGE\WKH
VHQVRUV LQVWDOOHG RQ WKH VWUXFWXUH >@ ,Q RUGHU WR
DFFRPSOLVK WKLV JRDO ZH W\SLFDOO\ VWDWH RU XQGHUVWDQG WKH
UHODWLRQVKLSEHWZHHQREVHUYDWLRQVDQGVWDWHXVXDOO\GHVFULEHG
E\ D PHFKDQLFDO RU KHXULVWLF PRGHO :KHQ WKH UHODWLRQVKLS
EHWZHHQ WKH VWDWH S DQG WKH REVHUYDWLRQV \ LV VHW
GHWHUPLQLVWLFDOO\ZHXVHSURSRVLWLRQDO ORJLF WRGHWHUPLQH WKH
VWDWHRUWRFRQFOXGHWKDWWKHVWDWHLVLQGHWHUPLQDWH
8VXDOO\ WKH UHODWLRQVKLSEHWZHHQ WKHREVHUYDWLRQV DQG WKH
VWDWH LQFOXGHV XQFHUWDLQWLHV ZKLFK VWHP IURP WKH LQKHUHQW
XQFHUWDLQ QDWXUH RI PHDVXUHPHQW PHWURORJLFDO XQFHUWDLQW\
IURP WKH DSSUR[LPDWLRQV RI WKH GDWD DQDO\VLV RU IURP WKH
LQFRPSOHWHQHVVRIWKHPRGHOPRGHOXQFHUWDLQW\,QWKLVFDVH
WKH GHVFULSWLRQ RI WKH VWDWH LV SURYLGHG E\ WKH VWDWLVWLFDO
GLVWULEXWLRQ RI WKH VWDWH YDULDEOH S UDWKHU WKDQ D GHWHUPLQDWH
YDOXH DQG LQIHUHQFH LV PDGH XVLQJ WKH ZHOONQRZQ %D\HV¶
WKHRUHP >@ UDWKHU WKDQ SURSRVLWLRQDO ORJLF :KHQ D
YHFWRU RI FRQWLQXRXV SDUDPHWHUV ș GHILQHV WKH VWDWH %D\HV¶
UXOHUHDGV

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

ZKHUH  S _ș \  LV WKH posterior distribution RI WKH VWDWH
SDUDPHWHUVLHDIWHUWKHDFTXLVLWLRQRIWKH6+0REVHUYDWLRQV
\  S ș  LV WKHprior distribution LH EHIRUH WKHDFTXLVLWLRQ
RI \  S _\ ș  LV WKH likelihood function ZKLFK HQFRGHV WKH
SUREDELOLVWLFUHODWLRQVKLSEHWZHHQREVHUYDWLRQVDQGVWDWHDQG
S\ LV D QRUPDOL]DWLRQ FRQVWDQW FDOOHG evidence, FDOFXODWHG
DV

     S S _ S G
:
  ³
ș
\ \ ș ș ș  

7KH SULRU GLVWULEXWLRQ UHIOHFWV WKH LQLWLDO NQRZOHGJH RI WKH
LQGLYLGXDO LQ FKDUJHRI WKH GDWD LQWHUSUHWDWLRQ DQG LVXVXDOO\
VHW EDVHG RQ WKH OLWHUDWXUH GHVLJQ FRGHV RU VXEMHFWLYH EHOLHI
DQGH[SHULHQFH >@7KHREVHUYDWLRQV\ DQG WKHPRGHOHQWHU
WKH%D\HVLDQDSSURDFKWKURXJKWKHOLNHOLKRRGIXQFWLRQS\_ș
ZKLFK JLYHV WKH SUREDELOLW\ RI REVHUYLQJ \ JLYHQ D YDOXH RI
WKH VWDWH SDUDPHWHUV ș 7KH SRVWHULRU GLVWULEXWLRQ Sș_\
UHSUHVHQWV RXU EHVW HVWLPDWH RI ș DQG FRPELQHV WKH SULRU
NQRZOHGJHZLWKWKHLQIRUPDWLRQIURPWKHVHQVRUGDWD\
:KHQWKHVWDWHYDULDEOHFDQDVVXPHRQO\GLVFUHWHYDOXHVLH
ȍS   ^S«Si«SM` %D\HV¶ WKHRUHP DOORZV FDOFXODWLRQ RI
WKH SRVWHULRU SUREDELOLW\  3 _iS \  RI VWDWH Si IURP LWV SULRUSUREDELOLW\  3 iS WKURXJK
      S _ 33 _ Si ii S SS  \\ \  

ZKHUH  S _ iS\ LV WKH OLNHOLKRRG DQG WKH HYLGHQFH LV QRZH[SUHVVHGDV

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
:KHQ HDFK GLVFUHWH VWDWH LV IXUWKHU FKDUDFWHUL]HG E\ D VHW RI
SDUDPHWHUVWKHOLNHOLKRRGDVVXPHVWKHIROORZLQJIRUP
     S _ S _  S _ Gi i iS S S
:
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ș
\ \ ș ș ș  

ZKHUH S\_Siș DQG Sș_Si DUH UHVSHFWLYHO\ WKH OLNHOLKRRG
IXQFWLRQ DQG WKH SULRU GLVWULEXWLRQ RI ș IRU WKH VWDWH Si :H
QRWH WKDW WKH GLUHFW FDOFXODWLRQ RI WKH SRVWHULRU LV XVXDOO\
FRPSXWDWLRQDOO\ GHPDQGLQJ DQG VKRXOG EH VROYHG
QXPHULFDOO\²VHHIRULQVWDQFH>±@
6,33,(((


C. Decision-making 
:KHQDGHFLVLRQPDNHUIDFHVDGHFLVLRQSUREOHPKHVKHLV
VXSSRVHG WR FKRRVH DQ DFWLRQ a GHILQHG LQ WKH VSDFH 
a
: 
ZKLFK PD\ EH HLWKHU FRQWLQXRXV RU GLVFUHWH +HUH WKH
VXSHUVFULSWµ¶LVWRLQGLFDWHWKHREMHFWVLQYROYHGLQWKHILUVW
VWDJH RI WKH GHFLVLRQPDNLQJ SURFHVV DV RSSRVHG WR ODWHU
VWDJHV WKDW ZH LQWURGXFH EHORZ 7KH FKRVHQ DFWLRQ a PD\
DIIHFWWKHIXWXUHVWDWHRIWKHV\VWHPSDQGOHDGWRDQRXWFRPH
z GHILQHG LQ WKH VSDFH 
z
:  ZKLFK DJDLQ PD\ EH HLWKHU
FRQWLQXRXVRUGLVFUHWH7KHSUREDELOLW\RISDIWHUWKHGHFLVLRQ
aLV3S_a
7KLVGHFLVLRQSURFHVVFDQEHJUDSKLFDOO\UHSUHVHQWHGZLWKD
GHFLVLRQ WUHH$VDQH[DPSOH)LJGHSLFWV WKHGHFLVLRQ WUHH
RIDVLQJOHVWDJHGHFLVLRQSURFHVVLQZKLFKWKHDFWLRQVDQGWKH
VWDWHVDUHGLVFUHWHYDULDEOHV6TXDUHVUHSUHVHQWGHFLVLRQQRGHV
DQG FLUFOHV UHSUHVHQW FKDQFH QRGHV ,Q WKH SURFHVV GHVFULEHG
E\WKLVILJXUHWKHGHFLVLRQPDNHUFKRRVHVWKHDFWLRQ a IURPDVHWRIJDOWHUQDWLYHV ^ `    a Ja a:  ! 7KHQWKHVWDWHSPD\EHFRPHDGLIIHUHQWVWDWHSiOHDGLQJWRWKHRXWFRPH 
i
z 
DQGWKHFRQVHTXHQWXWLOLW\  iu z 7KHLPSDFWRIDQRXWFRPH
z LV PHDVXUHG DQG UDQNHG DIWHU WUDQVIRUPDWLRQ WKURXJK D
IXQFWLRQuzNQRZQDVWKHutility function

)LJ'HFLVLRQWUHHRIDVLQJOHVWDJHGHFLVLRQSURFHVVLQZKLFKWKHDFWLRQV
i
a DQGWKHVWDWHVSiDUHGLVFUHWHYDULDEOHV6TXDUHVUHSUHVHQWGHFLVLRQQRGHV
FLUFOHVUHSUHVHQWFKDQFHQRGHV

,I WKHGHFLVLRQPDNHUKDV WR IDFH WZRFRQVHFXWLYHGHFLVLRQ
SUREOHPV WKH SURFHVV EHFRPHV multi-stage ,Q WKLV FDVH WKH
VHFRQG DFWLRQ LV GHILQHG E\ a LQ WKH GRPDLQ 
a
:  DQG LW
PD\ OHDG WR DQRWKHU GLIIHUHQW VWDWH S DQG WKH FRUUHVSRQGLQJ
RXWFRPH z ZLWK D SUREDELOLW\ 3S_aa $V D VHFRQG
H[DPSOH )LJ  GHSLFWV WKH GHFLVLRQ WUHH RI D WZRVWDJH
GHFLVLRQ SURFHVV LQ ZKLFK WKH DFWLRQV DQG WKH VWDWHV DUH
GLVFUHWH YDULDEOHV ,Q WKH SURFHVV GHVFULEHG E\ )LJ  WKH
GHFLVLRQPDNHUFKRRVHVILUVWLQVWDJHWKHDFWLRQ a IURPDVHWRIJDOWHUQDWLYHV ^ `    a Ja a:  ! 7KHQ LQVWDJHWKHVWDWHSEHFRPHVSDQG WKHGHFLVLRQPDNHU LV UHTXLUHG WR
WDNH D VHFRQG FKRLFH a 7KH GHFLVLRQ a  LV PDGH DQGILQDOO\ WKH VWDWHS PD\ WXUQ WRDGLIIHUHQW VWDWHSi OHDGLQJ WR
WKHRXWFRPH 
i
z DQGWKHFRQVHTXHQWXWLOLW\  iu z 
)LJ   'HFLVLRQ WUHH RI D WZRVWDJH GHFLVLRQ SURFHVV LQ ZKLFK WKH DFWLRQV
i
a  
i
a  DQG VWDWHV Si DUH GLVFUHWH YDULDEOHV 6TXDUHV UHSUHVHQW GHFLVLRQ
QRGHVFLUFOHVUHSUHVHQWFKDQFHQRGHV

'HFLVLRQWUHHVDOORZIRUDQ\DFWLRQWKHLGHQWLILFDWLRQRIWKH
SRVVLEOHRXWFRPHVDQGWKHLUSUREDELOLW\RIRFFXUULQJ,QRUGHU
WR PDNH GHFLVLRQV ZH QHHG D SULQFLSOH WKDW HQDEOHV XV WR
LGHQWLI\ WKH RSWLPDO DFWLRQV EDVHG RQ WKH SUREDELOLWLHV
FDOFXODWHG E\ WKH SURFHVV RI %D\HVLDQ LQIHUHQFH 7KH
IUDPHZRUN RI (87 E\ YRQ 1HXPDQQ DQG 0RUJHQVWHUQ >@
SURYLGHVWKHEDVLVRIUDWLRQDOGHFLVLRQPDNLQJ>@
*HQHUDOO\VSHDNLQJWKHXWLOLW\IXQFWLRQuzUHSUHVHQWVKRZ
WKH GHFLVLRQ PDNHU µTXDQWLWDWLYHO\ SHUFHLYHV¶ WKH RXWFRPH z
7KHUHDGHUFDQILQGIXUWKHUFRQVLGHUDWLRQVRQWKHGHILQLWLRQRI
WKH XWLOLW\ IXQFWLRQ LQ WKH OLWHUDWXUH >@ 7KH VLPSOHVW
ZD\WRVWDWHWKHXWLOLW\LVWKURXJKDOLQHDUPRGHOIRUH[DPSOH
LIzLVDILQDQFLDOORVVDQGWKHGHFLVLRQPDNHULVLGHDOO\UDWLRQDO
DQGULVNQHXWUDOuzFDQEHGHILQHGDV

 u z z   

,Q SUDFWLFH WKH XWLOLW\ IXQFWLRQ LQ  UHSUHVHQWV WKH UHDO
XWLOLW\ SHUFHLYHG ZKHQ WKH DPRXQW RI PRQH\ z LQYROYHG LV
µVPDOO¶ DQG WKHUH DUH QR IROORZXS FRQVHTXHQFHV +RZHYHU
 PLJKW QRW EH DSSURSULDWH LI z LV YHU\ µODUJH¶ DQG WKH
GHFLVLRQ PDNHU LV KLJKO\ ULVNVHHNLQJ RU ULVNDYHUVH
0RUHRYHU DVSRLQWHG RXWE\ %HUQRXOOL >@ WKHXWLOLW\ JLYHQ
E\ WKHRXWFRPHz VKRXOGEHSURSRUWLRQDO WR WKHZHDOWKRI WKH
VWDNHKROGHUVWKDWPD\EHDIIHFWHGE\WKHRXWFRPH
$FFRUGLQJWRWKHYRQ1HXPDQQ0RUJHQVWHUQXWLOLW\WKHRU\
ZHFDQFDOFXODWHWKHH[SHFWHGXWLOLW\RIDQDFWLRQaGHQRWHGE\
u* EDVHG RQ WKH XWLOLW\ uz RI HDFK SRVVLEOH RXWFRPH z DQG
WKHSUREDELOLW\SS_aRIHDFKSRVVLEOHVWDWHSDV

    _ ( _ S au a u z S aª º ¬ ¼\  

ZKHUH _(S a  LV WKHH[SHFWHGYDOXHRSHUDWRUDQG WKHDUJXPHQWRIu«HPSKDVL]HV WKDW WKHRXWFRPHz DFWXDOO\ PD\GHSHQG
RQ WKH DFWLRQa DQG RQ WKH VWDWHS IROORZLQJ a 7KH RSHUDWRU
_(S a FDOFXODWHVWKHH[SHFWHGYDOXHWKHPHDQRILWVDUJXPHQWXVLQJ WKHSUREDELOLW\RIS RFFXUULQJDIWHU WKHDFWLRQa6R LQ
PDWKHPDWLFDOWHUPVWKHH[SHFWHGXWLOLW\LV


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
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
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
ZKHQSLVGHILQHGLQDFRQWLQXRXVVSDFHȍSRU

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
ZKHQSLVGHILQHGLQDGLVFUHWHVSDFHRIGLPHQVLRQM
$OWKRXJK YRQ 1HXPDQQ0RUJHQVWHUQ¶V (87 LV WRGD\
DOPRVWXQLYHUVDOO\DFFHSWHGDQGDGRSWHGLQGHFLVLRQPDNLQJLW
KDV EHHQ QRWHG WKDW LQ JHQHUDO WKHUH LV QR JXDUDQWHH WKDW WKH
RSWLPDO GHFLVLRQ UHVXOWLQJ IURP (87 LV WKH GHFLVLRQ WKDW
ZRXOG EH WDNHQ E\ GHFLVLRQ PDNHUV ZLWKRXW WKH DLG RI WKDW
IUDPHZRUN +HXULVWLF GHFLVLRQV DUH LQGHHG DIIHFWHG E\
cognitive biases %DURQ DQG 5LWRY >@ DQG 6DPXHOVRQ DQG
=HFNKDXVHU>@IRXQGWKDWWKHUHDUHKHXULVWLFVWKDWPD\OHDG
WKH GHFLVLRQ PDNHU HLWKHU DZD\ IURP WKH µUDWLRQDO¶ FKRLFH LQ
IDYRURIGRLQJQRWKLQJRU WRPDLQWDLQDSUHYLRXVFKRLFH DQG
DOVR KHXULVWLFV WKDW OHDG WKH GHFLVLRQ PDNHU WR DFW ZKHQ WKH
VWDWXVTXRVKRXOGEHSUHIHUUHGLQVWHDG.DKQHPDQDQG7YHUVN\
>@ SUHVHQW WKH LVVXHV WKDW DULVH ZKHQ (87 LV HPSOR\HG WR
GHVFULEH WKH EHKDYLRU RI D UHDO SHUVRQ XQGHU ULVN ,Q WKHLU
DOWHUQDWLYH IUDPHZRUNFDOOHGprospect theory WKH\SURSRVHD
SURFHVV RI GHFLVLRQ HYDOXDWLRQ ZKHUH WKH VWUXFWXUH RI WKH
UDWLRQDO WUHH LV PRGLILHG DQG WKH SUREDELOLWLHV LQYROYHG DUH
ZHLJKWHGLQRUGHUWRPRGHOWKHHIIHFWVRIWKHFRJQLWLYHELDVHV
+HUHLQDIWHU ZH DVVXPH WUXH WKH (87 D[LRPV DQG ZH
IXUWKHUDVVXPHWKDWWKHXWLOLW\IXQFWLRQuzLVOLQHDUDVJLYHQ
E\  ,Q RUGHU WR GHPRQVWUDWH WKH LPSOHPHQWDWLRQ DQG HDVH
WKHXQGHUVWDQGLQJRI(87DVLWZDVSURSRVHGE\YRQ1HXPDQQ
DQG0RUJHQVWHUQZHSUHVHQWWKHVROXWLRQRIVLQJOHDQGPXOWL
VWDJHGHFLVLRQ SUREOHPV WKURXJK WZRDSSOLFDWLRQV LQ WKHQH[W
WZRVHFWLRQV(DFKVROXWLRQSURYLGHVRQHRSWLPDOGHFLVLRQIRU
HDFK VWDJH ZLWK WKH DVVXPSWLRQ WKDW WKH XWLOLW\ IXQFWLRQ LV
OLQHDU DQG WKH GHFLVLRQ PDNHU LV µUDWLRQDO¶ LH KDYLQJ DQ
REMHFWLYH SHUFHSWLRQ RI WKH SUREDELOLWLHV DQG RXWFRPHV
LQYROYHG 7DNLQJ LQWR DFFRXQW WKH GHFLVLRQ PDNHU¶V ULVN
DYHUVLRQ E\ DGMXVWLQJ WKH XWLOLW\ IXQFWLRQ uz ZRXOG KDYH
FRPSOLFDWHG WKHDQDO\VLVRI WKHGHFLVLRQSUREOHPVDQGZRXOG
KDYH SURYLGHG D VXEMHFWLYH VROXWLRQ ZKLFK LV EH\RQG WKH
VFRSHRIWKLVFRQWULEXWLRQ
,,, 6,1*/(67$*('(&,6,216
:HKDYHDOUHDG\VWDWHGWKDWWKH6+0EDVHGGHFLVLRQSUREOHP
LVWRSURYLGHWKH RSWLPDODFWLRQEDVHGRQDVHWRIREVHUYDWLRQV
IURP WKHPRQLWRULQJV\VWHP ,QSUDFWLFHZHZLVK WRGHILQHD
PDSaRSW\EHWZHHQWKHGRPDLQRIWKHREVHUYDWLRQVȍ\DQGWKH
VHWRISRVVLEOHDFWLRQV
a
: 7RVWDUW OHWXVFRQVLGHUDVLQJOH
VWDJH GHFLVLRQ WUHH LH RQH WKDW LQFOXGHV RQO\ RQH GHFLVLRQ
QRGH
A. Formulation 
,QD VLQJOHVWDJHGHFLVLRQSUREOHP WKHGHFLVLRQPDNHUKDV
WRFKRRVHRQHWHUPLQDODFWLRQaWKDWPD\DIIHFWWKHIXWXUHVWDWH
RI WKH VWUXFWXUH S DQG ILQDOO\ OHDG WR DQ RXWFRPH z ZKLFK
GHSHQGV RQ ERWK S DQG a 7KH FKRLFH LV EDVHG RQ WKH
REVHUYDWLRQV\DQGPD\DOVREHDIIHFWHGE\SULRULQIRUPDWLRQ
WDNHQ LQWR DFFRXQW XVLQJ WKH %D\HVLDQ IUDPHZRUN (TXDWLRQV
 WR  DUH XVHG WR FDOFXODWH WKH H[SHFWHG XWLOLW\ RI HDFK
DYDLODEOH DFWLRQ a 7KHQ DFFRUGLQJ WR WKH YRQ 1HXPDQQ
0RUJHQVWHUQIUDPHZRUNZHFDOFXODWHWKHPD[LPXPH[SHFWHG
XWLOLW\RIWKHGHFLVLRQQRGHDV

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DQGWKHRSWLPDODFWLRQ LV WKDWFRUUHVSRQGLQJWR WKHPD[LPXP
H[SHFWHGXWLOLW\

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
7KH DFWLRQ a LV GHILQHG LQ WKH GRPDLQ
a
:  ZKLFK PD\ EH
HLWKHUFRQWLQXRXVRUGLVFUHWH:HVHHNDQRSWLPDOYDOXHRIaLQ
D FRQWLQXRXV VSDFH ZKHQ ZH DUH LQWHUHVWHG LQ WKH RSWLPDO
WKUHVKROG RI D FRQWLQXRXV SDUDPHWHU LQYROYHG LQ DQ 6+0
SUREOHP
(TXDWLRQLVDIXQFWLRQRIWKHREVHUYDWLRQYHFWRU\DQG
PDSVHDFKSRVVLEOHVHWRIREVHUYDWLRQV\WRDQRSWLPDODFWLRQ
,W LPSOLFLWO\ GHILQHV IRU HDFK DFWLRQ a D GRPDLQ RI WKH
SRVVLEOH REVHUYDWLRQV LQ ZKLFK WKDW DFWLRQ LV RSWLPDO 7KLV
PDS LV D classifier WKDW JLYHQ DQ REVHUYDWLRQ VHW \ IURP WKH
PRQLWRULQJV\VWHPDXWRPDWLFDOO\SURYLGHV WKHRSWLPDODFWLRQ
aRSW\ WR WKH GHFLVLRQ PDNHU )LJ  VKRZV DV DQ H[DPSOH D
FODVVLILHU WKDW SURYLGHV WKHRSWLPDO DFWLRQaRSW\RXWRI WKUHH
RSWLRQV a a DQG a JLYHQ WKH MRLQW REVHUYDWLRQ RI WZR
PHDVXUHPHQWV\ ^yy`

)LJ$FODVVLILHUWKDWSURYLGHVWKHRSWLPDODFWLRQaRSWRXWRIWKUHHRSWLRQVa
aDQGaJLYHQWKHMRLQWREVHUYDWLRQRIWZRPHDVXUHPHQWV\ ^yy`
B. Case study 
7KH UHIHUHQFH >@ GHVFULEHV WKH µFDVH RI 7RP¶ D ILFWLWLRXV
PDLQWHQDQFH PDQDJHU ZKR ZDQWV WR XQGHUVWDQG WKH GDPDJH
VWDWHRI6WUHLFNHU%ULGJHEDVHGRQDVLQJOHVWUDLQREVHUYDWLRQ
HUHFRUGHGDWWKHPLGVSDQRIWKHEULGJHE\DORQJJDXJHILEHU
RSWLF VWUDLQ VHQVRU 6WUHLFNHU %ULGJH GHSLFWHG LQ )LJ D DQG
E LV D VWHHOFRQFUHWH VWUXFWXUH ORFDWHG DW WKH 3ULQFHWRQ
8QLYHUVLW\FDPSXV,W LVDSHGHVWULDQEULGJHRYHU:DVKLQJWRQ
 RSW a a \
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5RDG RQH RI WKH EXVLHVW URDGV LQ 3ULQFHWRQ )XUWKHU GHWDLOV
DERXW WKH EULGJH DQG LWV PRQLWRULQJ V\VWHP DUH SXEOLVKHG LQ
>±@
,Q µ7RP¶V SUREOHP¶ WKH VWUXFWXUDO VWDWH LV GHILQHG E\ S,
ZKLFK FDQ DVVXPH RQH RI WKH WZR PXWXDOO\ H[FOXVLYH DQG
H[KDXVWLYHYDOXHV µXQGDPDJHG¶UDQGµGDPDJHG¶DGHILQHG
DVIROORZV

Undamaged, U.7KHVWUXFWXUHLVµXQGDPDJHG¶ULILWLVHLWKHU
WUXO\ XQGDPDJHG RU KDV VRPH PLQRU GDPDJH QHJOLJLEOH LQ
WHUPVRILWVHIIHFWRQVWUXFWXUDOFDSDFLW\

Damaged, D. 7KH VWUXFWXUH LV µGDPDJHG¶ D LI LW LV VWLOO
VWDQGLQJEXWKDVVXIIHUHGPDMRUGDPDJHWRWKHVWHHODUFKVXE
VWUXFWXUH$OWKRXJKWKHEULGJHLVVWDQGLQJ7RPHVWLPDWHVWKDW
WKHUHLVDVLJQLILFDQWFKDQFHRIFROODSVHRIWKHEULGJHXQGHUD
OLYHORDG



)LJ$HULDOSKRWRRI6WUHLFNHU%ULGJHDDQGLWVVWUXFWXUDOVFKHPHEIURP
>@6WUHLFNHU%ULGJHLVPDGHRIDFRQFUHWHSUHVWUHVVHGVODEVXSSRUWHGE\VWHHO
KROORZFROXPQVDQGDVWHHODUFK

8VLQJWKHIRUPDOLVPSUHVHQWHGDERYHSFDQEHUHSUHVHQWHGDV
DGLVFUHWHYDULDEOHGHILQHGLQWKHGRPDLQȍS ^UD`
7RPH[SHFWVWKDWLIWKHEULGJHLVµXQGDPDJHG¶WKHFKDQJH
LQ VWUDLQ LV FORVH WR ]HUR +H LV DOVR DZDUH RI WKH QDWXUDO
IOXFWXDWLRQ RI WKH PLGVSDQ FXUYDWXUH PDLQO\ GXH WR WKHUPDO
HIIHFWV 7KH SURYLGHU RI 7RP¶V PRQLWRULQJ V\VWHP WROG KLP
WKDWWKHWKHUPDOIOXFWXDWLRQRIWKHVWUDLQPHDVXUHPHQWİPLJKW
EH LQ WKH RUGHU RI  PH )RUPDOO\ ZH FDQ HQFRGH WKLV
NQRZOHGJH LQ D OLNHOLKRRG IXQFWLRQ WKDW SURYLGHV WKH
SUREDELOLW\GHQVLW\SH_URIİIRUWKHXQGDPDJHGVWDWHU7KH
SUREDELOLW\ GHQVLW\ IXQFWLRQ SH_U LV D *DXVVLDQ GLVWULEXWLRQ
ZLWKPHDQHTXDOWR]HURDQGVWDQGDUGGHYLDWLRQıİ_U PH
DQGLWUHSUHVHQWV7RP¶VH[SHFWDWLRQRIWKHV\VWHPUHVSRQVHLQ
WKHXQGDPDJHGVWDWHU&RQYHUVHO\RQWKHDVVXPSWLRQWKDWWKH
EULGJH LV µGDPDJHG¶ 7RP H[SHFWV D VLJQLILFDQW FKDQJH LQ
VWUDLQ:HFDQPRGHOWKHOLNHOLKRRGRIİIRUWKHGDPDJHGVWDWH
Sİ_DDVD*DXVVLDQGLVWULEXWLRQZLWKPHDQYDOXHRIPH
DQGVWDQGDUGGHYLDWLRQRIVİ_D PHZKLFKUHIOHFWV7RP¶V
XQFHUWDLQW\ RI H[SHFWDWLRQ 7KH WZR OLNHOLKRRG IXQFWLRQV
SH_UDQGSH_DDUHVKRZQLQ)LJD
0RUHRYHU7RPJXHVVHVWKDWDIWHUDGDPDJLQJHYHQWVXFKDV
DURDGDFFLGHQWVFHQDULRULVPRUHOLNHO\WKDQVFHQDULRDDQG
KHHVWLPDWHVSULRUSUREDELOLWLHV3D DQG3U 
8VLQJKLVSULRUMXGJPHQW7RPFDQDOVRSUHGLFWWKHGLVWULEXWLRQ
RI WKH REVHUYDWLRQ H EHIRUH WKHVH GDWD DUH DYDLODEOH E\
PDUJLQDOL]LQJWKHV\VWHPVWDWHVWKURXJK

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
:KHQ WKH PRQLWRULQJ REVHUYDWLRQ H LV DYDLODEOH WR WKH
PDQDJHU7RPFDQXSGDWHKLVHVWLPDWHRIWKHSUREDELOLW\RIU
RUDVWDWHXVLQJ%D\HV¶WKHRUHP

      
S3  S
S P S
S
HH H
  

ZKHUHS LV HLWKHUU RUD7KH WZRSRVWHULRUSUREDELOLWLHVDUH
GHSLFWHGLQ)LJE1RWHWKDWWKHUHLVDWKUHVKROGRIHORQJDWLRQ
PH    PH ZKHUHE\ WKH WZR SRVWHULRU SUREDELOLWLHV VDWLVI\   3 3U DH H PHDQLQJ WKDWZKHQ PH H!  WKHEULGJH LVPRUH OLNHO\ WR EH GDPDJHG WKDQ XQGDPDJHG DQG YLFH YHUVD
ZKHQ PH H ,Q WKLV VLPSOLILHG H[DPSOH 7RP LV FRQFHUQHG E\ D VLQJOH
VSHFLILF VFHQDULR LQ ZKLFK IRU H[DPSOH D WUXFN GULYLQJ
EHQHDWK WKHEULGJHFROOLGHVZLWK WKHVWHHODUFKVXSSRUWLQJ WKH
FRQFUHWH GHFN :H DOVR DVVXPH WKDW DIWHU WKH HYHQW 7RP LV
LPPHGLDWHO\ LQIRUPHG DQG KLV RQO\ FRQFHUQ LV WR XQGHUVWDQG
WKHH[WHQWRIGDPDJHDQGWKHQPDNHDGHFLVLRQ%HIRUH7RP¶V
GHFLVLRQQRWUDIILFLVDOORZHGWRFURVVRUJREHORZWKHEULGJH
,QWKLVILUVWH[DPSOHOHWXVDVVXPHWKDW7RPKDVWRFKRRVH
RQHRIWKHWZRIROORZLQJDFWLRQV

Do nothing, DN 1R VSHFLDO UHVWULFWLRQ LV DSSOLHG WR WKH
SHGHVWULDQ WUDIILF RYHU WKH EULGJH RU WR URDG WUDIILF XQGHU WKH
EULGJH UHSDLU DQG PDLQWHQDQFHZRUNVZLWK PLQLPDO FRVW FDQ
EH FDUULHG RXW EXW WKLV ZRXOG QRW LQWHUIHUH ZLWK WKH QRUPDO
EULGJHXVH

Close the bridge, CB.%RWKWKHEULGJHDQGWKHURDGXQGHUQHDWK
DUHFORVHGWRSHGHVWULDQVDQGURDGWUDIILFUHVSHFWLYHO\DFFHVV
WR WKH QHDUE\ DUHD LV UHVWULFWHG IRU WKH WLPH UHTXLUHG E\
VWUXFWXUDO UHKDELOLWDWLRQ ZKLFK 7RP HVWLPDWHV WR EH RQH
PRQWK

)RUPDOO\ WKLVGHILQHV D GRPDLQRI WKHSRVVLEOH DFWLRQV ȍa 
^DNCB` 7RP ORJLFDOO\ XQGHUVWDQGV WKDW FKRRVLQJ WR FORVH
WKH EULGJH ZLOO DXWRPDWLFDOO\ SUHYHQW DQ\ HIIHFWV GXH WR D
SRVVLEOH FROODSVH RI WKH EULGJH 7KH ORVV LQFXUUHG IURP WKLV
DFWLRQ LV WKH'DLO\5RDG8VHU&RVW '58& VWHPPLQJ IURP
WKH RQHPRQWK GRZQWLPH RI URDG DQG EULGJH 7KLV FRVW ZDV
HVWLPDWHGE\*OLãLüDQG$GULDHQVVHQV>@WREHGD\RU
zCB   GD\ u  GD\V    IRU WKH RQHPRQWK
SHULRG>@,QRUGHUWRDYRLGWKLVRXWFRPH7RPFDQGHFLGH
WR GR QRWKLQJ DN DQG FRQVHTXHQWO\ WR DOORZ WKH WUDIILF WR
IORZDVXVXDO,IKHGHFLGHVWRGRQRWKLQJDQGWKHEULGJHVWDWH
LV XQGDPDJHG U KH SD\V zU    2Q WKH RWKHU KDQG LI WKH
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EULGJHVWDWHLVGDPDJHGD,LWPD\FROODSVHDQG7RPKDVWRSD\
WKH FRQVHTXHQFHV 7KHVH FRQVHTXHQFHV DUH WKH '58& IRU D
WZRPRQWKSHULRGDQG WKHFRVWVGXH WR IDWDOLWLHVDQG LQMXULHV
7KH SUREDELOLW\ RI D IDWDOLW\ F DQG RI QRQIDWDO LQMXU\ I DUH
HVWLPDWHGWREHUHVSHFWLYHO\HTXDOWR3F_D DQG3I_D
 *OLãLüDQG$GULDHQVVHQV>@DOVRFDOFXODWHGEDVHGRQ
WKH 1DWLRQDO 6DIHW\ &RXQFLO UHFRUGV >@ WKH DYHUDJH
FRPSUHKHQVLYH FRVW RI D SHGHVWULDQ IDWDOLW\ DQG LQMXU\ WR EH
 DQG  UHVSHFWLYHO\ 7KHVH DPRXQWV FRYHU
PHGLFDO H[SHQVHV YLFWLP¶V ORVV RI ZRUN SXEOLF VHUYLFHV DQG
WKH ORVV RI TXDOLW\ RI OLIH &RQVLGHULQJ WKRVH YDOXHV 7RP
HVWLPDWHVIRUEULGJHFROODSVHDQRYHUDOOFRVWRIzD 
DVVSHFLILHGLQGHWDLOLQ7DEOH,8VLQJDVLPLODUIRUPXODWLRQDV
LQ >@ UHIHUHQFH >@ DOVR VKRZV KRZ WR HYDOXDWH WKH FRVWV
RYHUWKHEULGJHOLIHVSDQ
,Q VXPPDU\ 7RP¶V GHFLVLRQ SUREOHP FDQ EH UHSUHVHQWHG
ZLWKWKHVLQJOHVWDJHGHFLVLRQWUHHRI)LJ

7$%/(,
&2676'8(72675(,&.(5%5,'*(&2//$36(>@
&DXVH &RVW
7ZRPRQWKGRZQWLPH 
&RVWRIIDWDOLW\ u 
&RVWRILQMXU\ u 
7RWDOIDLOXUHFRVWzD 



)LJ 3UREDELOLWLHVDQGH[SHFWHGXWLOLWLHVLQYROYHGLQWKHVROXWLRQRI7RP¶V
VLQJOHVWDJHGHFLVLRQSUREOHP D VKRZV WKH OLNHOLKRRG IXQFWLRQVSİ_U DQG
Sİ_D E VKRZV WKH SRVWHULRU GLVWULEXWLRQV 3U_İ DQG 3D_İ RI WKH WZR
SRVVLEOHVWDWHVFVKRZVWKHH[SHFWHGXWLOLWLHVRIWKHWZRSRVVLEOHDFWLRQVµGR
QRWKLQJ¶DNDQGµFORVHWKHEULGJH¶CB

)LJ   'HFLVLRQ WUHH RI 7RP¶V VLQJOHVWDJH GHFLVLRQ SUREOHP 7KH WZR
DYDLODEOHDFWLRQVDNDQGCBOHDGWRGLIIHUHQWH[SHFWHGXWLOLWLHV

7KH DERYH LQIRUPDWLRQ LV ERWK QHFHVVDU\ DQG VXIILFLHQW WR
FDOFXODWHKRZ7RP¶VGHFLVLRQGHSHQGVRQ WKHPHDVXUHPHQWİ
SURYLGHG E\ WKH PRQLWRULQJ V\VWHP )RUPDOO\ ZH ZDQW WR
FDOFXODWH WZR GRPDLQV LQ WKH VSDFH RI İ ZKHUH WKH WZR
DFWLRQV²GR QRWKLQJ DN DQG FORVH WKH EULGJH CB²DUH
UHVSHFWLYHO\ WKH RSWLPXP 6LQFH ZH DVVXPHG WKDW uz   ±z
WKHHVWLPDWHVRI WKH H[SHFWHGXWLOLWLHV DVVRFLDWHGZLWKDFWLRQV
DNRUCBDUH

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,I7RP¶VGHFLVLRQLVGULYHQE\WKHH[SHFWHGXWLOLW\SULQFLSOHV
KH ZLOO FKRRVH WKH OHDVW H[SHQVLYH RSWLRQ VR WKH ORVV
DVVRFLDWHGZLWKWKHGHFLVLRQLQWKHSRVWHULRUFRQGLWLRQLV

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
7KHH[SHFWHGXWLOLW\IXQFWLRQVFDOFXODWHGIRUHDFKDFWLRQDVLQ
 DUH UHSUHVHQWHG LQ )LJ F DORQJ ZLWK WKH PD[LPXP
H[SHFWHG XWLOLW\ RI  ,Q WKLV SDUWLFXODU FDVH u*CBH LV
FRQVWDQW ZKLOH u*DNHGHFUHDVHV ZLWK WKH HORQJDWLRQ 7KH
WZR H[SHFWHG XWLOLWLHV PHHW IRU WKH WKUHVKROG uH     PH&ORVLQJ WKH EULGJH LV PRUH FRQYHQLHQW WKDQ GRLQJ QRWKLQJ
ZKHQHYHU uH H!  7KLV DXWRPDWLFDOO\ GHILQHV WZR VHSDUDWHUHJLRQVLQWKHREVHUYDWLRQGRPDLQHDFKPDSSHGWRDGLIIHUHQW
RSWLPDODFWLRQ
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1RWHWKDWWKHGHFLVLRQWKUHVKROG uH GRHVQRWFRLQFLGHZLWKWKHVWDWH SUREDELOLW\ WKUHVKROG PH  7KH PDQDJHU ZLOO GHFLGH WRFORVHWKHEULGJHQRWZKHQWKHHORQJDWLRQİVKRZVWKDWWKHVWDWH
µGDPDJHG¶DLVPRUHOLNHO\WKDQµXQGDPDJHG¶UEXWZKHQWKH
H[SHFWHGFRVWIRUGRLQJQRWKLQJzDN LVKLJKHUWKDQWKHFRVWRI
FORVLQJWKHEULGJH,WVKRXOGDOVREHQRWHGWKDWWKHUHLVUDQJHRI
YDOXHV u PH H H  LQZKLFKHYHQLIWKHVWDWHµXQGDPDJHG¶ULVPRUHOLNHO\WKDQVWDWHµGDPDJHG¶DLWLVVWLOOPRUHVXLWDEOH
WR FORVH WKH EULGJH7KLV H[DPSOH VKRXOG VKHG VRPH OLJKW RQ
WKH GLIIHUHQW QDWXUHV RI 6+0 DQG GHFLVLRQPDNLQJ ZKHUHDV
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6+0 DLPV WR FRUUHODWH WKH REVHUYDWLRQ İ WR WKH PRVW OLNHO\
VWDWHSiRI WKHVWUXFWXUH6+0EDVHGGHFLVLRQPDNLQJDLPV WR
FRUUHODWHWKHREVHUYDWLRQİWRWKHRSWLPDODFWLRQ
,9 08/7,67$*('(&,6,216
7KHGHFLVLRQSUREOHPGHVFULEHGDQGVROYHGLQWKHSUHFHGLQJ
VHFWLRQ LV UHODWLYHO\ VLPSOH ,Q UHDOOLIH VHWWLQJV GHFLVLRQ
PDNHUV FDQ FKRRVH DPRQJ PXOWLSOH RSWLRQV VRPH RI ZKLFK
PD\ OHDG WRRWKHUGHFLVLRQQRGHV ,Q WKLV VHFWLRQZHDGGUHVV
WKH VROXWLRQ RI PXOWLVWDJH GHFLVLRQ SUREOHPV )RU WKHVH
SXUSRVHV7RP¶VSUREOHPLVH[SDQGHGE\DGGLQJDQDGGLWLRQDO
GHFLVLRQVWDJH
A. Formulation 
,QPXOWLVWDJHGHFLVLRQSUREOHPVWKHGHFLVLRQPDNHUKDVWR
WDNH PXOWLSOH DFWLRQV 7KH ILUVW DFWLRQ a PD\ QRW EH WKH
WHUPLQDO RQH ,Q SUDFWLFH WKH GHFLVLRQ PDNHU PD\ QRW NQRZ
WKH DFWLRQV WKDW ZLOO EH DYDLODEOH LQ WKH QH[W VWDJHV QRU WKH
SRVVLEOH RXWFRPHV +RZHYHU DQDO\VLQJ PXOWLVWDJH GHFLVLRQ
SURFHVVHVZLWKWKHIUDPHZRUNRIH[SHFWHGXWLOLW\UHTXLUHVXVWR
PDNH DQ DVVXPSWLRQ DERXW WKH FRQILJXUDWLRQ RI WKH GHFLVLRQ
WUHHDQGWRSUHGLFWWKHSUREDELOLWLHVRIWKHIXWXUHVWDWHVS,QWKH
IRUPXODWLRQ EHORZ ZH GHQRWH WKH SUHGLFWHG YDOXHV RI
SUREDELOLW\ ZLWK D VXSHUVFULSW µn¶ ZKHUH n LV WKH VWDJH LQ
ZKLFK WKH SUHGLFWLRQ RFFXUV )RU H[DPSOH SS_aa\ LV
WKHSUREDELOLW\RI WKHVWDWHSSUHGLFWHG LQVWDJH ,QVWDJH
WKHYDOXH RISS_aa\ PD\ EH LQIOXHQFHG E\QHZ GDWD
GHSHQGLQJRQWKHRXWFRPHRIWKHGHFLVLRQPDGHLQVWDJHDQG
WKHUHIRUHLWPD\EHGLIIHUHQWIURPWKHYDOXHRISS_aa\
:H XVH WKH VDPH VXSHUVFULSW µn¶ RQ WKH H[SHFWHG YDOXH
RSHUDWRU (>«@ WR GHQRWH WKH VWDJH n LQ ZKLFK WKH H[SHFWHG
YDOXHRIWKHDUJXPHQWLVFDOFXODWHG,QRUGHUWRVROYHDPXOWL
VWDJHGHFLVLRQSUREOHPZHDOVRQHHGWRVHWDdecision rule>@
7KHGHFLVLRQUXOHSUHVFULEHVKRZWKHGHFLVLRQPDNHUDFWVDIWHU
WKH ILUVW VWDJH :H DVVXPH WKDW WKH GHFLVLRQ PDNHU DOZD\V
FKRRVHV WKH DFWLRQ FRUUHVSRQGLQJ WR WKH KLJKHVW H[SHFWHG
XWLOLW\ FDOFXODWHG ZLWK WKH LQIRUPDWLRQ DYDLODEOH LQ KLVKHU
FXUUHQWVWDJH
,QPDWKHPDWLFDOWHUPVZKHQWKHGHFLVLRQWUHHKDVPXOWLSOH
VWDJHVZHFDQREWDLQWKHRSWLPDOGHFLVLRQRIVWDJHnDV

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8QOLNH WKH VLQJOH VWHS FDVH KHUH WKH FRPSOH[LW\ RI WKH
SUREOHP LV LQ FDOFXODWLQJ     nu a \  EHFDXVH RWKHU VWDJHVPD\ EH QHVWHG LQ HDFK EUDQFK RI WKH GHFLVLRQ WUHH 7KH
VROXWLRQWRWKLVSUREOHPLVEDVHGRQWKHSULQFLSOHRIbackward 
induction >@ )LUVW IRU HDFK t-WK WHUPLQDO GHFLVLRQ QRGH ZH
FDOFXODWH WKH H[SHFWHG XWLOLW\ DV D IXQFWLRQ RI HDFK at DV
SUHVHQWHG LQ 6HFWLRQ ,,,$ EXW XVLQJ WKH SUREDELOLWLHV
SnS_at«\ H[SHFWHG LQ VWDJH n LQVWHDG RI WKH DFWXDO
SUREDELOLWLHV 7KHQ ZH DVVLJQ WR HDFK tWK WHUPLQDO GHFLVLRQ
QRGHDYDOXHRIXWLOLW\   QRGHtu \ HTXDO WR WKHH[SHFWHGXWLOLW\RILWVRSWLPDODFWLRQ

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
7KLV RSHUDWLRQ LV SRVVLEOH WKDQNV WR WKH DVVXPSWLRQ WKDW WKH
GHFLVLRQPDNHUDOZD\VFKRRVHVWKHDFWLRQFRUUHVSRQGLQJWRWKH
KLJKHVW H[SHFWHG XWLOLW\ ,I ZH DVVXPH WKDW HDFK WHUPLQDO
GHFLVLRQ QRGH LV DQ RXWFRPH OHDGLQJ WR D YDOXH RI XWLOLW\  QRGHtu \  ZH FDQ QRZ VROYH LQ WKH VDPH ZD\ HDFK VWDJHFRQQHFWHG WR WKH WHUPLQDO GHFLVLRQ QRGHV DQG UHSHDW WKLV
SURFHVVXQWLOZHREWDLQWKHH[SHFWHGYDOXHRI WKHDFWLRQVan
UHTXLUHGWRVROYH7KLVDSSURDFKLVLOOXVWUDWHGLQWKHQH[W
VHFWLRQ
B. Case study 
7KH H[DPSOH SUHVHQWHG LQ 6HFWLRQ ,,,$ LQFOXGHV DOO WKH
SULQFLSDO IHDWXUHV RI D GHFLVLRQ PRGHO EXW LW LV QRW IXOO\
UHDOLVWLF,QWKDWFDVHVLPSOLILHGWRHDVHWKHSUHVHQWDWLRQ7RP
LVIRUFHGWRPDNHDGHFLVLRQEHWZHHQWZRH[WUHPHDFWLRQVMXVW
µGR QRWKLQJ¶ RU µFORVH WKH EULGJH¶ IRU WZR PRQWKV ZLWKRXW
DQ\ LQWHUPHGLDWHRSWLRQ0RUHFUHGLEO\7RPZRXOGFRQVLGHU
WKHFKDQFHRIGHOD\LQJKLVILQDOGHFLVLRQXQWLOKHKDVDFTXLUHG
PRUHNQRZOHGJHDERXWWKHVWDWH SRIWKHEULGJH)RUH[DPSOH
KHFDQGHFLGHWRVHQGDQLQVSHFWRUWRWKHEULGJHZLWKWKHWDVN
RI UDSLGO\ JLYLQJ DQ H[SHUW MXGJPHQW EDVHG RQ KLVKHU
H[SHULHQFH ,Q WKDW FDVH LQ DGGLWLRQ WR WKH WZR DFWLRQV µGR
QRWKLQJ¶DNRUµFORVHWKHEULGJH¶CBZHKDYHDWKLUGRSWLRQ
ZKLFKLVGHILQHGDVIROORZV

Send inspector, SI. 7KH EULGJH DQG WKH URDG XQGHUQHDWK DUH
FORVHG UHVSHFWLYHO\ WR SHGHVWULDQV DQG URDG WUDIILF ZKLOH WKH
DFFHVVWRWKHQHDUE\DUHDLVUHVWULFWHGIRUWKHWLPHQHFHVVDU\WR
SHUIRUPDQLQVSHFWLRQH[SHFWHGWRODVWWZRGD\V

)RUPDOO\WKLVUHGHILQHVWKHGRPDLQRIWKHSRVVLEOHDFWLRQVa
WKDW 7RP FDQ XQGHUWDNH DV 
a
:   ^DNSICB` ZKHUH WKH
VXSHUVFULSW µ¶GHQRWHV WKDW WKHGHFLVLRQ LVPDGHDW VWDJH
2QFH WKH LQVSHFWLRQ LV FRPSOHWHG WKH LQVSHFWRU FDOO KLP
+DUU\JLYHVDMXGJPHQW S RQWKHVWDWHRIWKHEULGJHZKLFKLQ
VXPPDU\FRXOGEHHLWKHU WKHEULGJH LV µXQGDPDJHG¶URU WKH
EULGJH LV µGDPDJHG¶ D ,Q PDWKHPDWLFDO WHUPV ZH FDQ
UHSUHVHQW +DUU\¶V MXGJPHQW ZLWK D YDULDEOH ^ `S U D 
GHILQHGLQWKHVDPHGRPDLQDVWKHSRVVLEOHVWDWHȍS%DVHGRQ
+DUU\¶V UHSRUW 7RP FDQ HYHQWXDOO\ PDNH D VHFRQG GHFLVLRQ
EHWZHHQWKHUHPDLQLQJWZRDFWLRQVa 
a
:  ^DNCB`
ZKHUH QRZ WKH VXSHUVFULSW µ¶ LQGLFDWHV D GHFLVLRQ PDGH DW
VWDJH7KLVGHFLVLRQVFKHPHLVVFKHPDWLFDOO\UHSUHVHQWHG LQ
WKHWUHHLQ)LJ
,W LV LPSRUWDQW WR QRWH WKDW +DUU\¶V MXGJPHQW S  GRHV QRW
QHFHVVDULO\FRLQFLGHZLWKWKHDFWXDOVWDWHRIWKHEULGJHSEXWLV
MXVWDQHVWLPDWLRQRILW7KHHYDOXDWLRQLVFDUULHGRXWEDVHGRQ
DYLVXDOLQVSHFWLRQDQGWKHUHIRUHWKHFKDQFHVRILGHQWLI\LQJRU
PLVLGHQWLI\LQJ WKH FRUUHFW VWDWH GHSHQG VLJQLILFDQWO\ RQ
+DUU\¶VVXEMHFWLYHH[SHULHQFHDQGVNLOOV7KHQDWXUHRI+DUU\¶V
MXGJPHQWLVWKHVDPHDVWKDWRIWKHREVHUYDWLRQHLHDSLHFH
RILQIRUPDWLRQWKDWZHPXVWUHODWHWRWKHDFWXDOVWDWHSWKURXJK
DSUREDELOLVWLFPRGHO,QWKHVDPHZD\DVWKHUHODWLRQEHWZHHQ
WKH PRQLWRULQJ REVHUYDWLRQ H DQG WKH VWDWH S KDV EHHQ VWDWHG
6,33,(((


WKURXJK WKH WZR OLNHOLKRRG IXQFWLRQV SH_S WKH UHODWLRQVKLS
EHWZHHQ +DUU\¶V MXGJPHQW S  DQG S LV VWDWHG WKURXJK WKH
GHILQLWLRQ RI WKH YDOXHV RI SUREDELOLW\  3 _S S  LH WKH
SUREDELOLWLHVRI LGHQWLILFDWLRQRUPLVLGHQWLILFDWLRQRI WKH VWDWH
S 7KH OLNHOLKRRG  3 _S S  LV UHSUHVHQWHG E\ WKH WZRE\WZR
PDWUL[RIXVXDOO\FDOOHGWKHconfusion matrix>@ZKHUH
WKH HOHPHQW LQ FROXPQ i DQG URZ j UHSUHVHQWV WKH SUREDELOLW\
WKDW +DUU\ HYDOXDWHV WKH EULGJH LQ WKH jWK VWDWH ZKLOH LW LV
DFWXDOO\LQWKHiWKVWDWH

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ZKHUH IRU FRQYHQLHQFH ZH XVH µa¶ RQ WKH VWDWHV U DQG D
ZKHQWKH\DUHDQHVWLPDWLRQSURYLGHGE\WKHLQVSHFWRU+DUU\
:HXVHWKLVQRWDWLRQEHORZWRR
7KH LQGLYLGXDO YDOXHV RI WKH FRQIXVLRQ PDWUL[ HVVHQWLDOO\
UHSUHVHQW7RP¶VMXGJPHQWDERXW+DUU\¶VFDSDFLW\WRFRUUHFWO\
LGHQWLI\WKHEULGJHVWDWH)RUWKHSXUSRVHRI WKLVSUHVHQWDWLRQ
ZH DVVXPH WKDW ZKHQ WKH VWUXFWXUDO FRQGLWLRQ LV DFWXDOO\
µXQGDPDJHG¶U+DUU\LGHQWLILHVWKHVWDWHFRUUHFWO\LQRI
FDVHV DQG PLVLGHQWLILHV WKH VWDWH LQ  RI FDVHV :H DOVR
DVVXPH WKDW ZKHQ WKH VWUXFWXUDO FRQGLWLRQ LV DFWXDOO\
µGDPDJHG¶ D +DUU\ LGHQWLILHV WKH VWDWH FRUUHFWO\ LQ  RI
FDVHVDQGPLVLGHQWLILHVWKHVWDWHLQRIFDVHV&RQVHTXHQWO\
WUDQVIRUPVLQWRDVIROORZV

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
,QRUGHUWRFRPSOHWHWKHVROXWLRQZHFDQXVHWKHSULQFLSOHRI
EDFNZDUGLQGXFWLRQ3XWVLPSO\ZHVWDUWIURPWKHODVWVWDJHRI
WKHWUHHDVVXPLQJWKDW7RPKDVDOUHDG\GHFLGHGWRVHQG+DUU\
WR WKH EULGJH DQG +DUU\ KDV DOUHDG\ UHSRUWHG 7KH QHZ
SRVWHULRU SUREDELOLW\  3 6  SH   RI µGDPDJHG¶ D RUµXQGDPDJHG¶ U VWDWH SHUFHLYHG E\ 7RP ZLOO DOVR GHSHQG RQ
+DUU\¶V MXGJPHQW S  6LPLODUO\ WR  ZH FDQ XSGDWH WKH
SRVWHULRUSUREDELOLW\XVLQJ%D\HV¶UXOH

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ZKHUHQRZWKHHYLGHQFHLVH[SUHVVHGDV
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7KHSRVWHULRUVRQWKHOHIWKDQGVLGHRIDUHGHSLFWHGLQ)LJ
D DQG )LJ E IRU WKH FDVHV LQ ZKLFK +DUU\¶V MXGJPHQW LV
S U  DQG S D  UHVSHFWLYHO\
2QFH +DUU\ KDV UHSRUWHG WKH GHFLVLRQ SUREOHP WKDW 7RP
IDFHV LV WKH VDPHDVGLVFXVVHG LQ WKHVLQJOHVWDJHH[DPSOH LQ
6HFWLRQ ,,,% KRZHYHU ZLWK WZR GLIIHUHQFHV WKH SRVWHULRU
SUREDELOLWLHV DUH QRZ H[SUHVVHG E\  DQG WKH XWLOLWLHV
LQYROYHG PXVW WDNH LQWR DFFRXQW WKH PRQHWDU\ ORVV zSI LH
+DUU\¶V VDODU\ IRU WKH LQVSHFWLRQ )RU WKH SXUSRVHV RI
SUHVHQWDWLRQZHDVVXPHWKDWWKHIHHIRUKLVZRUNLVTXRWHGDW
)XUWKHUPRUH+DUU\¶VLQVSHFWLRQUHTXLUHVWZRGD\VRI
EULGJH FORVXUH FRUUHVSRQGLQJ WR D '58& RI  u   
 7KHUHIRUH WKH RYHUDOO FRVW WR 7RP IRU D YLVXDO
LQVSHFWLRQ LV zSI    7KH H[SHFWHG XWLOLWLHV RI VWDJH 
DUHWKHQFDOFXODWHGDV

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DQGWKHUHIRUHWKHPD[LPXPH[SHFWHGXWLOLW\LV

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
5HVXOWVIURPDQGDUHUHSRUWHGLQ)LJFDQG)LJG
IRUWKHFDVHVZKHUHWKH+DUU\¶VMXGJPHQWLV S U  DQG S D 
UHVSHFWLYHO\7KHWZRWKUHVKROGVWKDWKHOSLQGHFLGLQJZKHQLW
LVPRUHFRQYHQLHQWWRFORVHWKHEULGJHDUH  u UH   PHLI S U   DQG  u DH     ± PH LI S D   7KH RSWLPDODFWLRQFODVVLILHUDWVWDJHLVWKHUHIRUH

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(TXDWLRQ  LV WKH VROXWLRQRI WKH VHFRQG VWDJH RI WKH WUHH
VHHQ DV D IXQFWLRQ RI WKH PRQLWRULQJ REVHUYDWLRQ İ DQG WKH
LQVSHFWRU¶VMXGJPHQW S 
1RZZHFDQPRYH WR WKH ILUVW OHYHORIRXUGHFLVLRQ WUHH:H
DOUHDG\NQRZKRZWRFDOFXODWH WKHH[SHFWHGXWLOLW\RIDFWLRQV
µGR QRWKLQJ¶DN DQG µFORVH WKHEULGJH¶CB IRU WKLV VWDJH VR
ZHMXVWKDYHWRREWDLQWKHH[SHFWHGXWLOLW\RIWKHDFWLRQµVHQG
LQVSHFWRU¶ SI ,Q RUGHU WR GR VR ZH KDYH WR FDOFXODWH WKH
SUREDELOLW\ WKDW +DUU\¶V HVWLPDWH LV S U   RU S D   6HHQ
IURP7RP¶VSRLQWRIYLHZ+DUU\¶V MXGJPHQWGHSHQGVRQ WKH
VWUXFWXUH¶VVWDWHZKLFKLQWXUQLVDIXQFWLRQRIWKHPRQLWRULQJ
REVHUYDWLRQİ,QPDWKHPDWLFDOWHUPV
          3 _  3 _ 3 _ 3 _ 3 _S S U U S D DH H H     

,Q RUGHU WR FODULI\ WKH PHDQLQJ RI  QRWH WKDW +DUU\ ZLOO
SURYLGH S U  HLWKHULIKHLGHQWLILHVWKHULJKWVWDWHZKHQWKH
VWDWHLVDFWXDOO\µXQGDPDJHG¶URULIKHPDNHVDPLVWDNHZKHQ
WKHEULGJHVWDWH LV µGDPDJHG¶D(TXDWLRQ  LVGHSLFWHG LQ
)LJ

6,33,(((


)LJ0XOWLVWDJHGHFLVLRQWUHHRIWKHSUREOHPLQZKLFK7RPLVVXSSRVHGWRFKRRVHZKHWKHUWRFORVH6WUHLFNHU%ULGJHDIWHUDQDFFLGHQW



)LJ3RVWHULRUSUREDELOLWLHVIRU S U  DDQG S D  EH[SHFWHGXWLOLWLHVIRU S U  FDQG S D  GLQYROYHGLQVWDJHRI7RP¶VPXOWLVWDJHGHFLVLRQ
SUREOHP

$WWKLVSRLQWZHFDQFDOFXODWHWKHH[SHFWHGXWLOLW\IRUDFWLRQ
µVHQGLQVSHFWRU¶SIDQGWKHRWKHUDFWLRQVLQVWDJHDV

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)LQDOO\WKHPD[LPXPH[SHFWHGXWLOLW\LVWKHPD[LPXPDPRQJ   u DN H     u CB H DQG    u SI H )LJDGHSLFWV
WKH WKUHH H[SHFWHG XWLOLWLHV DV D IXQFWLRQ RI WKH PRQLWRULQJ
REVHUYDWLRQ İ DORQJ ZLWK WKH PD[LPXP H[SHFWHG XWLOLW\ :H
FDQ HDVLO\ UHFRJQL]H LQ WKH H[SHFWHG XWLOLW\ JUDSK WZR
WKUHVKROGVRQH 
u
H  PH WKDWVHSDUDWHVDN IURPSI
DQGWKHRWKHU 
u
H  PHVHSDUDWLQJSIIURPCB,QWKLV
VSHFLILFFDVHWKHRSWLPDODFWLRQGHSHQGVRQWKHRXWSXWRI WKH
PRQLWRULQJV\VWHPİWKURXJK

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
)LJ 3UREDELOLWLHVRIKDYLQJD MXGJPHQWHLWKHU S U  RU S D  JLYHQD
YDOXHRIHORQJDWLRQİIRU7RP¶VPXOWLVWDJHGHFLVLRQSUREOHP

C. Discussion 
7KH H[SHFWHG XWLOLWLHV FRUUHVSRQGLQJ WR WKH WKUHH DFWLRQV
DYDLODEOHµGRQRWKLQJ¶DNµVHQGLQVSHFWRU¶SIDQGµFORVH
WKHEULGJH¶CBDUHVKRZQLQ)LJD,WFDQEHQRWHGWKDWLQ
WKHILUVWVWDJHZKHQWKHHORQJDWLRQİLVORZHUWKDQ 
u
H DN
LVWKHRSWLPDOFKRLFHZKHUHDVZKHQWKHHORQJDWLRQİLVKLJKHU
WKDQ 
u
H  CB LV WKH RSWLPDO FKRLFH 7KH GRPDLQ EHWZHHQ

u
H  DQG 
u
H  LV ZKHUH SI LV WKH RSWLPDO FKRLFH 7KH
H[SHFWHGXWLOLW\RIDFWLRQDNDQGCBGRHVQRWGHSHQGRQ
WKH FRQIXVLRQ PDWUL[  _P S S  RI  DQG LV WKHUHIRUH
LQGHSHQGHQW RI WKH LQVSHFWRU +RZHYHU ERWK 
u
H  DQG 
u
H 
GHSHQG RQ WKH H[SHFWHG XWLOLW\ RI SI ZKLFK GHSHQGV RQ _P S S  6R LQ RUGHU WR XQGHUVWDQG WKH LPSDFW RI  _P S S 
DQG WKH HIIHFWLYHQHVV RI WKH PRQLWRULQJ V\VWHP ZH SUHVHQW
EHORZ WKUHH DGGLWLRQDO FDVHV ,Q WKH ILUVW WZR FDVHV WKH
SUREDELOLWLHV  _P S S  DUH FKDQJHG LQ WKH ODVW FDVH ZH
FKDQJHGWKHOLNHOLKRRGIXQFWLRQVRIWKHWZRSRVVLEOHVWUXFWXUDO
VWDWHVUDQGD

The perfect inspector :H UHSHDWHG WKH DQDO\VLV RI 7RP¶V
PXOWLVWDJH GHFLVLRQ SUREOHP LQ WKH VDPH ZD\ DV GHVFULEHG
DERYHEXWDVVXPLQJDQHZFRQIXVLRQPDWUL[

 SL  _  P S S ª º « »¬ ¼  

,QRWKHUZRUGVZHDVVXPHGWKDWWKHLQVSHFWRUFDQQRWFODVVLI\
WKH EULGJH LQ WKH ZURQJ VWDWH )LJ E VKRZV WKH H[SHFWHG
XWLOLWLHV RI WKH DFWLRQV DN SI DQG CB REWDLQHG LQ WKH
FDVHRIDSHUIHFWLQVSHFWRU,QWKLVFDVHWKHH[SHFWHGXWLOLW\RI
SI LV DOZD\V KLJKHU WKDW WKH H[SHFWHG XWLOLW\ RI DN DQG
WKHUHIRUH WKH DFWLRQ µVHQG LQVSHFWRU¶ SI LV RSWLPDO IRU DQ\
REVHUYDWLRQ İ  SLuH    PH +RZHYHU WKLV LV QRW DOZD\VWKHFDVHLIWKHFRVWRIWKHLQVSHFWRUzSIFKDQJHVZHPD\ILQGD
QRQHPSW\ GRPDLQ LQ ZKLFK DN LV RSWLPDO 0RUHRYHU
DOWKRXJK WKH LQVSHFWRU FDQQRW IDLO GXH WR WKH LQVSHFWRU¶V IHH
WKHUHLVVWLOODGRPDLQİ! SLuH LQZKLFKWKHDFWLRQµFORVHWKHEULGJH¶ CB LV RSWLPDO 7KLV PHDQV WKDW LI İ ! SLuH  WKHSUREDELOLW\ RI GDPDJH LV VR KLJK WKDW WDNLQJ WKH FKDQFH WR
GLVFRYHUWKHDFWXDOVWDWHRIWKHEULGJHLVQRWZRUWKWKHFRVWRI
WKHLQVSHFWRUzSI

The non-informative inspector ,Q WKLV FDVH ZH DVVXPH WKDW
WKH LQVSHFWRU FDQQRW SURYLGH DQ\ LQIRUPDWLRQ DERXW WKH
VWUXFWXUHUHJDUGOHVVRIWKHDFWXDOVWDWHWKHRXWFRPHLVDOZD\V
DVWDWHGUDZQUDQGRPO\EDVHGRQWKHFRQIXVLRQPDWUL[

 QLL  _  P S S ª º « »¬ ¼  

,QSUDFWLFHZHFDQ LPDJLQH WKDW LQ WKLV FDVH+DUU\HVWLPDWHV
WKHVWUXFWXUDOVWDWHEDVHGRQDFRLQIOLSLQVWHDGRISHUIRUPLQJ
WKH LQVSHFWLRQ )LJ F VKRZV WKH H[SHFWHG XWLOLWLHV RI WKH
DFWLRQV DN SI DQG CB REWDLQHG 1RZ LW FDQ EH QRWHG
WKDW GXH WR WKH FRVW RI WKH LQVSHFWRU WKH H[SHFWHG XWLOLW\ RI
SI LV DOZD\V ORZHU WKDQ WKH H[SHFWHG XWLOLW\ RI WKH RWKHU
DFWLRQV 7KHUHIRUH WKH GRPDLQ LQ ZKLFK SI LV RSWLPDO LV
HPSW\DQGWKHGHFLVLRQPDNHUVKRXOGDOZD\VDYRLGWKHDFWLRQ
µVHQG LQVSHFWRU¶ SI 7KH WKUHVKROG WKDW GHILQHV WKH WZR
UHPDLQLQJGRPDLQV LH WKRVHGRPDLQVZKHUHDN DQGCB
DUHUHVSHFWLYHO\RSWLPDOLVLQWKLVFDVHHTXDOWRWKHWKUHVKROG
FDOFXODWHGIRUWKHVLQJOHVWDJHGHFLVLRQSUREOHP uH  PH

Highly effective SHM)LQDOO\ZHGHFLGHGWRDOVR LQYHVWLJDWH
WKHHIIHFWVRIWKHPRQLWRULQJV\VWHPHIIHFWLYHQHVV:HDVVXPH
WKDW WKDQNV WR EHWWHU VHQVRUV RU DQ LPSURYHG GDWD DQDO\VLV
SURFHVVWKHOLNHOLKRRGIXQFWLRQVSH_UDQGSİ_DRIWKHWZR
VWUXFWXUDOVWDWHVµXQGDPDJHG¶UDQGµGDPDJHG¶DDUHVKDUSHU
:H DVVXPHG QHZ YDOXHV RI WKH VWDQGDUG GHYLDWLRQVıİ_U  
PH DQG Vİ_D   PH ZKLOH ZH HPSOR\HG WKH VDPH RWKHU
FRQGLWLRQVDVGHVFULEHGLQ6HFWLRQ,9%7KHUHVXOWVDUHVKRZQ
LQ)LJG,WVKRXOGEHQRWHGWKDWE\LPSURYLQJWKHUHOLDELOLW\
RI WKH LQIRUPDWLRQ SURYLGHG E\ WKH PRQLWRULQJ V\VWHP ZH
FRXOG UHGXFH WKH GRPDLQ ZKHUH µVHQG LQVSHFWRU¶ SI LV WKH
RSWLPDOFKRLFH,QGHHG WKH WKUHVKROGVLQWKLVFDVHUHVXOWHGLQ

LLuH  PHDQG LLuH  PH7KLVUHVXOWHPSKDVL]HVWKDWLIKXPDQ LQVSHFWLRQ LVDQRSWLRQ WKDW LVDYDLODEOHEXW WKDWZH
ZLVK WR DYRLG WKHQ ZH QHFHVVDULO\ KDYH WR XVH D EHWWHU
PRQLWRULQJV\VWHPRUSHUIRUPDEHWWHUGDWDDQDO\VLVSURFHVVLQ
RUGHU WR LQFUHDVH WKH LQIRUPDWLRQ SURYLGHG E\ WKH
PHDVXUHPHQWİ
9 &21&/86,21
$OWKRXJK WKH SXUSRVH RI 6+0 LV WR VXSSRUW LQIUDVWUXFWXUH
PDQDJHUV LQPDNLQJGHFLVLRQV LW LVEHOLHYHG WKDW WKHRSWLPDO
DFWLRQ LVDPHUHFRQVHTXHQFHRI WKH PRVWSUREDEOHVWUXFWXUDO
VWDWHZKLFKLVHVWLPDWHGEDVHGRQO\RQWKHPRQLWRULQJGDWD,Q
FRQWUDVW LQ RWKHU FRQWH[WV OLNH ILQDQFH RU PHGLFLQH WKH
HYDOXDWLRQRIGHFLVLRQVLVXVXDOO\EDVHGRQWKHH[SHFWHGXWLOLW\
IUDPHZRUN ,Q WKLV SDSHU ZH SURSRVH D EULGJH PDQDJHPHQW
VWUDWHJ\LQZKLFKWKHHYDOXDWLRQRIHDFKGHFLVLRQLVSHUIRUPHG
XVLQJ(87+RZHYHULQRUGHUWRREWDLQWKHLQIRUPDWLRQIURP
WKHUHDOVWUXFWXUHWKURXJK6+0DQGVHOHFWWKHRSWLPDODFWLRQ
WKH GHFLVLRQ PRGHO PXVW LQWHUIDFH ZLWK WKH UHVXOWV RI WKH
SUREDELOLVWLF PRGHO XVHG WR HVWLPDWH WKH VWUXFWXUDO VWDWH :H
VKRZHG KRZ WKH FRPELQDWLRQ RI %D\HVLDQ DQG (87
IUDPHZRUNV SURYLGHV D PDS EHWZHHQ WKH SRVVLEOH VHQVRU
REVHUYDWLRQVDQGWKHRSWLPDODFWLRQV
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 )LJ ([SHFWHGXWLOLWLHVRI WKHDFWLRQVDYDLODEOH LQVWDJHRI7RP¶VPXOWLVWDJHGHFLVLRQSUREOHP D VKRZV WKH UHVXOWVREWDLQHGXVLQJ+DUU\¶VFRQIXVLRQ
PDWUL[EVKRZVWKHUHVXOWVREWDLQHGXVLQJDSHUIHFWLQVSHFWRUFVKRZVWKHUHVXOWVREWDLQHGXVLQJDQRQLQIRUPDWLYHLQVSHFWRUGVKRZVWKHUHVXOWVREWDLQHG
XVLQJ+DUU\¶VFRQIXVLRQPDWUL[DQGWZRVKDUSHUOLNHOLKRRGIXQFWLRQVRIWKHVWUXFWXUDOVWDWHV

:LWKWKHDLGRIDUHDOOLIHH[DPSOHZHLQYHVWLJDWHGVLQJOH
VWDJH DQG PXOWLVWDJH GHFLVLRQ SUREOHPV %\ DQDO\]LQJ WKH
UHODWLRQVKLSEHWZHHQREVHUYDWLRQVDQGDFWLRQVZHVKRZHGWKH
FRPSRQHQWV WKDWDIIHFW WKHVHOHFWLRQRIRSWLPDOGHFLVLRQVDQG
WKHLU HIIHFWV7KHVHFRPSRQHQWVDUH  WKH OLNHOLKRRGRI WKH
SRVVLEOH VWUXFWXUDO VWDWHV JLYHQ WKH PRQLWRULQJ REVHUYDWLRQV
 WKH SUREDELOLW\ RI WKH VWDWHV SHUFHLYHG D SULRUL E\ WKH
GHFLVLRQPDNHUWKHH[SHFWHGILQDQFLDOFRQVHTXHQFHVRIWKH
UHDOL]DWLRQ RI HDFK VWDWH  WKH ZD\ ILQDQFLDO FRVWV DUH
FRQQHFWHGWRWKHVXEMHFWLYHXWLOLW\RIWKHGHFLVLRQPDNHU:KDW
LVLQWHUHVWLQJWRSRLQWRXWLVWKDWRIDOOWKHVHLWHPVRQO\LV
OLQNHGWRVHQVRUPHDVXUHPHQWVDQGWKHVWUXFWXUDODQDO\VLV7KH
UHPDLQLQJLWHPVHQFRGHWKHPDQDJHPHQWSROLF\DQGWKHVRFLR
HFRQRPLF LPSDFW RI DFWLRQV RU VLPSO\ UHIOHFW WKH VXEMHFWLYH
SHUFHSWLRQRIWKHLQGLYLGXDOLQFKDUJHRIWKHGHFLVLRQ
7KHSUHVHQWHGDSSURDFKWRGHFLVLRQPDNLQJLQ6+0DOORZV
D ULJRURXV LGHQWLILFDWLRQ RI WKH ILQDQFLDOO\ PRVW FRQYHQLHQW
DFWLRQ EDVHG RQ WKH SUREDELOLWLHV HIILFLHQWO\ SURYLGHG E\
%D\HVLDQ LQIHUHQFH 7KH WZR H[DPSOHV SUHVHQWHG VKRZHG WKH
IHDVLELOLW\ RI WKH DSSURDFK LQ UHDOOLIH VHWWLQJV ,I WKH
SUREDELOLVWLF PRGHO LV FRPSXWDWLRQDOO\ LQH[SHQVLYH DQG WKH
RXWFRPHV RI HDFK VWUXFWXUDO VWDWH DUH TXDQWLWDWLYHO\ DVVHVVHG
WKH LPSOHPHQWDWLRQ RI WKH GHFLVLRQ PRGHO LV VWUDLJKWIRUZDUG
DQGWKHVROXWLRQFRPSXWDWLRQDOO\LQH[SHQVLYH+RZHYHULIWKH
LQIHUHQFH UHTXLUHV0RQWH&DUORPHWKRGV >@ WKHFDOFXODWLRQ
RI H[SHFWHG XWLOLW\ PD\ EHFRPH VORZ DQG LQDFFXUDWH
0RUHRYHU WKHUH LV VWLOO DQ LQKHUHQW FRPSOH[LW\ LQ WKH
FDOFXODWLRQRIRXWFRPHV6ROYLQJGHFLVLRQSUREOHPVLQYROYLQJ
PDMRU FLYLO VWUXFWXUHV UHTXLUHV WKH TXDQWLILFDWLRQ RI WKH
HQYLURQPHQWDO DQG VRFLDO LPSDFW RI HDFK VWDWH EXW D
VWDQGDUGL]HGDSSURDFKIRUWKLVSXUSRVHLVVWLOOPLVVLQJ
$&.12:/('*0(17
7KH FDVH VWXG\ UHSRUWHG LQ WKLV SDSHU LV EDVHG RQ WKH
6WUHLFNHU%ULGJHPRQLWRULQJSURMHFWGHYHORSHGZLWK WKHNLQG
KHOSDQGFROODERUDWLRQRIVHYHUDOSURIHVVLRQDOVDQGFRPSDQLHV
:HZRXOGOLNHWRWKDQN6+DQFRFNDQGKLVFRQVWUXFWLRQWHDP
7XUQHU &RQVWUXFWLRQ &RPSDQ\ 5 :RRGZDUG DQG 7 =ROL
+17%&RUSRUDWLRQ'/HHDQGKLVWHDP$*&RQVWUXFWLRQ
&RUSRUDWLRQ 6 0DQFLQL DQG 7 5 :LQWHUPXWH 9ROOHUV
([FDYDWLQJ	&RQVWUXFWLRQ,QF60$57(&6$DQG0LFURQ
2SWLFV ,QF ,Q DGGLWLRQ WKH IROORZLQJ SHUVRQQHO IURP
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&DUOR &DSSHOOR UHFHLYHG KLV PDVWHU¶V
GHJUHH LQ FLYLO HQJLQHHULQJ IURP WKH
8QLYHUVLW\RI7UHQWR,WDO\+HKDVEHHQD
GRFWRUDO VWXGHQW DW WKH VDPH XQLYHUVLW\
VLQFH -DQXDU\  DQG ZDV D YLVLWLQJ
VWXGHQW UHVHDUFKFROODERUDWRU DW3ULQFHWRQ
8QLYHUVLW\ IURP 6HSWHPEHU  WR
$XJXVW+LVPDMRUUHVHDUFKLQWHUHVWV
LQFOXGH %D\HVLDQ GDWD DQDO\VLV VWDWLVWLFDO
GHFLVLRQ PDNLQJ SDWWHUQ UHFRJQLWLRQ GHVLJQ RI VWUXFWXUDO
KHDOWK PRQLWRULQJ V\VWHPV DQG VWUXFWXUDO UHOLDELOLW\ +H
UHJXODUO\DWWHQGVWKHPDLQFRQIHUHQFHVLQKLVILHOGRI LQWHUHVW
LQFOXGLQJWKH63,(6PDUW6WUXFWXUHV1'(,:6+0'$0$6
DQG,$%0$6

'DQLHOH=RQWDDFKLHYHGKLV'RFWRUDWH LQ
6WUXFWXUDO0HFKDQLFVDW WKH8QLYHUVLW\RI
%RORJQD LQ  DQG ZRUNHG DV D 3RVW
GRFWRUDO 5HVHDUFKHU DW WKH 8QLYHUVLW\ RI
&DOLIRUQLD6DQ'LHJRLQWKHSHULRG
 &XUUHQWO\ KH LV 3URIHVVRU DW WKH
8QLYHUVLW\ RI 6WUDWKFO\GH 8. $VVRFLDWH
3URIHVVRU DW 8QLYHUVLW\ RI 7UHQWR ,WDO\
DQG KROGV D FRXUWHV\ DSSRLQWPHQW DW WKH
,QVWLWXWH IRU 3KRWRQLFV DQG 1DQRWHFKQRORJLHV RI WKH ,WDOLDQ
1DWLRQDO 5HVHDUFK &RXQFLO 'U =RQWD KDV EHHQ D YLVLWLQJ
VFKRODU DW WKH 8QLYHUVLW\RI &DOLIRUQLD6DQ 'LHJR 3ULQFHWRQ
8QLYHUVLW\ DQG WKH 8QLYHUVLW\ RI 0LFKLJDQ +LV UHVHDUFK
DFWLYLW\LQFOXGHV,QIUDVWUXFWXUH0DQDJHPHQW6WUXFWXUDO+HDOWK
0RQLWRULQJ6+0DQG6HQVRUDQG,QIRUPDWLRQ7HFKQRORJ\
DOO DV DSSOLHG WR FLYLO LQIUDVWUXFWXUH 'U =RQWD LV D VHQLRU
PHPEHU RI 63,( PHPEHU RI ,((( DQG ,$%0$6 ZKHUH KH
VHUYHVRQ WKH 6+0FRPPLWWHH FKDLU RI WKH0HPVFRQ6HULHV
:RUNVKRSVDQGRIWKHDQQXDO,QWHUQDWLRQDO6XPPHU6FKRRORQ
6PDUW 0DWHULDOV DQG 6WUXFWXUHV +H UHJXODUO\ RUJDQL]HV
FRQIHUHQFHV DQG PLQLV\PSRVLD VSHFLDO VHVVLRQV IRU WKH PDLQ
FRQIHUHQFHV LQ WKH ILHOG LQFOXGLQJ WKH (:6+0,:6+0
VHULHV DQG VHUYHV RQ WKH HGLWRULDO ERDUG RU DV D UHYLHZHU LQ
6,33,(((


PDQ\ RI WKH MRXUQDOV RI WKH 6WUXFWXUDO +HDOWK 0RQLWRULQJ
FRPPXQLW\ +H LV FRIRXQGHU RI ,QWHOOLJHQW ,QIUDVWUXFWXUH
,QQRYDWLRQDVWDUWXSFRPSDQ\RIWKH8QLYHUVLW\RI7UHQWR,Q
'U=RQWDZDVDZDUGHG6+03HUVRQRIWKH<HDUE\WKH
6$*( 6+0 HGLWRULDO ERDUG +H LV WKH DXWKRU RI RYHU RQH
KXQGUHGWHFKQLFDOSXEOLFDWLRQV

%UDQNR *OLãLü UHFHLYHG KLV GHJUHHV LQ
FLYLO HQJLQHHULQJ DQG WKHRUHWLFDO
PDWKHPDWLFV DW 8QLYHUVLW\ RI %HOJUDGH
6HUELD DQG 3K' DW WKH (3)/
6ZLW]HUODQG +LV WKHVLV IRFXVHG RQ WKH
GHYHORSPHQW RI ILEHU RSWLF VHQVRUV IRU
SDUWLFXODU DSSOLFDWLRQV DQG
FKDUDFWHUL]DWLRQRIFRQFUHWHDWDYHU\HDUO\
DJH +H ZRUNHG DW 60$57(& 6$
6ZLW]HUODQG ZKHUH KH ZDV LQYROYHG LQ UHVHDUFK DQG
HQJLQHHULQJ DW GLIIHUHQW OHYHOV RI UHVSRQVLELOLW\ LQ QXPHURXV
VWUXFWXUDOKHDOWKPRQLWRULQJSURMHFWV6LQFH)HEUXDU\KH
KDV EHHQ $VVRFLDWH 3URIHVVRU DW 3ULQFHWRQ 8QLYHUVLW\ LQ WKH
'HSDUWPHQW RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ +LV
PDLQ DUHDV RI LQWHUHVW DUH 6+0 PHWKRGV DGYDQFHG VHQVRU\
V\VWHPV VPDUW VWUXFWXUHV 6+0 GDWD PDQDJHPHQW KHULWDJH
VWUXFWXUHV DQG UHVLOLHQW DQG VXVWDLQDEOH HQJLQHHULQJ 3URI
*OLãLü LV WKH DXWKRU DQG FRDXWKRU RI PRUH WKDQ D KXQGUHG
SXEOLVKHG SDSHUV XQLYHUVLW\ DQG SURIHVVLRQDO FRXUVHV RQ
6+0DQGDERRNHQWLWOHG³)LEUHRSWLFPHWKRGVIRUVWUXFWXUDO
KHDOWK PRQLWRULQJ´  +H LV D PHPEHU RI VHYHUDO
SURIHVVLRQDO DVVRFLDWLRQV ,6+0,, $&, ,$%6( ,$%0$6
$&6(,60$DQGDPHPEHURIWKHHGLWRULDOERDUGVRIVHYHUDO
MRXUQDOV

